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GLASS FIBER FORMING COMPOSITIONS

CROSS REFERENCE TO RELATED
APPLICTIONS

This application claims the benefit of U.S. Provisional
Application Nos. 60/330,178, filed Oct. 18, 2001; 60/230,
474, filed Sep. 6, 2000 and 60/136,538, filed May 28, 1999.
This application is a continuation-in-part of U.S. patent
application Ser. No. 10/363,609, filed Mar. 4, 2003, now
U.S. Pat. No. 6,818,575B2, which is a 35 USC 371 of PCT
application Serial No. PCT/US01/27451 filed on Sep. 5,
2001 and claims the benefit of 60/230,474, which was a
continuation-in-part of U.S. patent application Ser. No.
09/980,248, filed Nov. 28, 2001, now U.S. Pat. No. 6,686,
304 B1, which is a 35 USC 371 of PCT application Ser. No.
PCT/US00/14155 filed May 23, 2000 and claims the benefit
of 60/136,538.

U.S. Provisional Application No. 60/136,538 is the pri-
ority application of PCT Application No. U.S. Pat. No.
0,011,4155, and U.S. Provisional Application No. 60/230,
474 is the priority application of PCT Application No.
US01127451. U.S. Provisional Application Nos. 60/136,
538; 601230,474 and 60/330,178; U.S. patent application
Ser. No. 09/980,248, and PCT Application Nos. 00/14155
and 01/27451 are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to glass compositions, and more
particularly to (1) fiber glass compositions, and (2) math-
ematical relationships of the ingredients of the glass com-
positions to identify thermal properties of the glass compo-
sitions e.g., forming and liquidus temperatures with an
acceptable temperature difference to prevent devitrification
of the molten glass during forming of glass fibers.

2. Discussion of the Technology

In the art of forming glass fibers it is recognized that the
difference between the forming temperature and liquidus
temperature is maintained at a value to prevent devitrifica-
tion of the molten glass during fiber forming. For example,
the most common glass composition for making continuous
glass fiber strands for textiles and glass fiber reinforcements
is known in the trade as “E glass”. The requirements as to
what type of composition constitutes an E-glass composition
are included in ASTM D578-00. An advantage of using
E-glass having 6-10 percent by weight B,O5 is that its
liquidus temperature is well below its forming temperature,
i.e. typically greater than 56° C. (100° F.) and usually in the
range of 83 to 111° C. (150 to 200° F.). As used herein, the
terms “forming temperature”, “Troras > “log 3 forming
temperature” and “log3 FT” mean the temperature of the
glass at which the viscosity of the glass is log 3, or 1000
poise, and the terms “liquidus temperature”, “liquidus T”
and “T;,,” mean the temperature at which the solid phase
(crystals) and liquid phase (melt) of the glass are in equi-
librium. The difference between Tygy, and T, 4, referred to
herein as “delta T” or “AT”, is a common measure of the
crystallization potential of a given melt composition. The
lower the AT, in other words the smaller the difference
between the forming temperature and the liquidus
temperature, the greater the crystallization potential. In the
glass fiber forming industry, AT is typically maintained at a
temperature of at least 50° C. (90° F.) in order to prevent
devitrification of the molten glass during a glass fiber
forming operation, in particular, in the bushing area.

It is appreciated by those skilled in the art of forming glass
fibers, that it is desirable to operate the glass fiber forming
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operation at low temperatures because operating the glass
fiber forming operation at high temperatures results in
high-energy usage, along with associated high-energy costs.
In addition, the high temperatures accelerate degradation of
the refractories used in the glass melting furnace, as well as
the bushings used to form the fibers. The bushings include
precious metals that cannot be recovered from the glass as
the bushings wear.

It is recognized that boron and fluorine in addition to
contributing to the electrical properties of the E-glass, e.g.
dissipation factor and dielectric constant, also lower the
forming and liquidus temperatures of the glass while pro-
viding a AT of at least 50° C. (90° E.). The boron in the form
of an oxide and fluorine in the form of a fluoride are included
in the glass batch materials and act as fluxes during the glass
melting operation. E-glass can include up to 10 wt % B,O,
and up to 1.0 wt % fluoride (see ASTM D 578-00 §4.2).
Although the boron effectively lowers the forming and
liquidus temperatures while providing an acceptable AT
value and the fluoride or fluorine acts as a flux, there are
drawbacks. More particularly, these materials volatilize dur-
ing melting and move with the exhaust gases into the
exhaust system. If the boron and fluorine in the exhaust
gases are not removed they are released to the atmosphere.
Since boron and fluorine are considered pollutants, these
emissions are closely controlled by environmental
regulations, which in turn require careful control of the
furnace operations and/or the use of costly additional pol-
lution control equipment. In response to these concerns, the
boron and/or fluorine content in E-glasses were reduced. For
example, U.S. Pat. Nos. 4,542,106 and 5,789,329 and WO
99/12858 disclose boron free or low boron e.g. 1.8 wt %
glasses having a forming temperature in the range of about
1258 to 1263° C. As can be appreciated by those skilled in
the art of glass making, reducing or removing the boron
and/or fluorine content in the batch materials raises the
forming temperature. More particularly, the silica content
increases as the boron content decreases, resulting in an
increase in the forming temperature. As mentioned above,
increasing the forming temperature results in high-energy
usage, high-energy costs, and acceleration of the degrada-
tion of furnace refractories and bushings used to form the
fibers.

For additional information concerning glass compositions
and methods for fiberizing the glass composition, see K.
Loewenstein, The Manufacturing Technology of Continuous
Glass Fibres, (3d Ed. 1993) at pages 30-44, 47-60, 115-122
and 126-135, and F. T. Wallenberger (editor), Advanced
Inorganic Fibers: Processes, Structures, Properties,
Applications, (1999) at pages 81-102 and 129-168, which
documents are hereby incorporated by reference.

In general, glass compositions having particular
properties, e.g. forming temperature and delta T are identi-
fied by weight percent and/or molar percent of the compo-
nents or ingredients in the glass. As can be appreciated by
those skilled in the art of glass making and/or glass fiber
forming, it would be advantageous to identify the perfor-
mance of the glass compositions not only by the amount of
a particular ingredient in the glass but also by a relationship,
e.g. a mathematical relationship of the ingredients in the
glass. WO 01/32576A1 discloses fiber glass compositions
and the mathematical relationship of several of the
ingredients, e.g. the combined Wt % of CaO and MgO, and
the ratio of Al,O5/Ca0, in the glass. Using the combination
of glass ingredients, e.g. the absolute weight percent of silica
with the relationship of other ingredients in the glass, e.g. the
ratio of silica to RO (combined Wt % of CaO and MgO)
would provide information regarding the melt properties of
the glass.
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SUMMARY OF THE INVENTION

The present invention provides a low boron containing or
a boron free glass fiber forming composition that has a
forming temperature of no greater than 1240° C. (2262° F)),
a AT of at least 50° C. (90° F.), and one or more or all of the
following compositional features:

a ratio of SiO, to RO (i.e. CaO+MgO) in the range of 1.9

to 2.55;
a ratio of SiO, to CaO in the range of 2.1 to 2.8;
a ratio of SiO, to Al,O; in the range of 3.7 to 5.0;
a ratio of Al,O; to CaO in the range of 0.5 to 0.6;
a sum of Si0, and Al,O; in the range of 66.0 to 73.7 wt
P

a ratio of (Si0,+AL,0,) to (R,0+R0O+B,0,) in the range
of 2.0 to 3.0;

a ratio of Al,05 to RO in the range of 0.4 to 0.6; and

a difference between SiO, and RO; in the range of 26.5 to
36.6 wt %.

In one nonlimiting embodiment of the present invention,
the glass composition further has a SiO, content of greater
than 57 weight percent and B,O; of no greater than 2 weight
percent. In another nonlimiting embodiment of the
invention, the SiO,+Al,O5 content of the glass composition
is less than 70 weight percent. In still another nonlimiting
embodiment of the invention, the glass composition contains
at least 1 weight percent TiO.,.

In the discussion under Description of the Preferred
Embodiments are glass compositions and mathematical rela-
tionship of different types of glasses. One such glass com-
position has the following ingredients:

SiO, 55.70 to 59 percent by weight;
Al,O, 12.35 to 13.94 percent by weight;
CaO 24.40 to 24.80 percent by weight;
MgO 2.55 to 2.80 percent by weight;
TiO, 0.05 to 0.55 percent by weight;
Na,O 0.40 to 0.50 percent by weight;
K,0 0.40 to 0.60 percent by weight:
Na,O + K,O 0.85 to 1.50 percent by weight;
Fe,0, 0.20 to 0.40 percent by weight, and
B,O; 1.25 to 1.55 percent by weight and

the following relationship of ingredients

RO 26.25 to 27.60 wt %
$i0,/Ca0 2.20 to 2.40
Si0,/RO 2.00 to 2.20
Si0,/ALO;, 3.95 to 4.70
ALO,/Ca0 0.50 to 0.60
Si0, + ALO, 69.00 to 70.50 wt %
$i0, - RO 28.00 to 31.00 wt %
ALOL/RO 0.45 to 0.55

R20 + RO + B,O,
(SiO, + ALO,/R20 + RO + B,O,)

28.90 to 30.00 wt %
2.25 to 2.45 and

a log3 forming temperature in the range of 1210 to 1225° C.
and AT is in the range of 52 to 65° C. R20 is equal to the
wt % of k,0 and Na,O.

Reference should be made to the Description of the
Preferred Embodiments thereto for a more detailed summary
of the glass compositions of the invention and the relation-
ship of the ingredients of the glass compositions.

The glass compositions meeting the mathematical rela-
tionships of the instant invention provide a glass having a
forming temperature of less than 1240° C., preferably 1205
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to 1220° C., and more preferably between 1211 to 1218° C.
for boron free glass and more preferably between 1187 to
1205° C. for boron containing glasses.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following discussion, all numbers expressing
dimensions, physical characteristics, and so forth, used in
the specification and claims are to be understood as being
modified in all instances by the term “about”. Accordingly,
unless indicated to the contrary, the numerical values set
forth in the following specification and claims can vary
depending upon the desired properties obtained by the
practice of the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical
parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary
rounding techniques. Moreover, all ranges disclosed herein
are to be understood to encompass any and all subranges
subsumed therein. For example, a stated range of 1 wt % to
10 we % should be considered to include any and all
subranges between (and inclusive of) the minimum value of
1 and the maximum value of 10; that is, all subranges
beginning with a minimum value of 1 or more and ending
with a maximum value of 10 or less, e.g., 5.5 to 10.

It should be appreciated that, unless otherwise indicated,
all numerical values discussed herein, such as but not limited
to weight percent of materials or temperatures, are approxi-
mate and are subject to variations due to various factors well
known to those skilled in the art such as, but not limited to,
measurement standards, equipment and techniques. As a
result, such values are to be understood as being modified in
all instances by the term “about”. Accordingly, unless indi-
cated to the contrary, the numerical parameters set forth in
the following specification and attached claims are approxi-
mations that may vary depending upon the desired proper-
ties sought to be obtained by the present invention. At the
very least, each numerical parameter should at least be
construed in light of the number of reported significant digits
and by applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and param-
eters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any recog-
nized deviations and/or errors are discussed. Any numerical
value, however, inherently contains certain errors necessar-
ily resulting from the standard deviation found in their
respective testing measurements.

In the following discussion and in the claims the limits of
defining the range are included in the range. For example
and not limiting to the discussion, “in the range of 1230 to
1240° C.” and “in the range of equal to and greater than
1230° C. and equal to and less than 1240° C.” define the
same range. Further in the preceding discussion, in the
following discussion and in the claims, the terms “weight
percent”, “wt %” and “percent by weight” are used herein
interchangeably.

In one embodiment of the present invention, the math-
ematical relationships of the ingredients of a generic qua-
ternary glass system are disclosed. The quaternary system
includes Si0,, Ca0O, Al,O; and MgO. As can be appreciated
by those skilled in the art of making glass, in particular
making glass fibers, MgO if not added to the batch materials
is found in the batch materials as a tramp material, e.g. MgO
is found in clay at 0.3 to 0.5 percent by weight. In the
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practice of the invention, MgO is added to the batch material
to attain a level in the glass greater than the tramp level. The
relationship of SiO0,, CaO, Al,O; and MgO of interest
include RO=Ca0O+MgO, Si0,/Ca0, SiO,/RO, Si0,Al,0;
AL,0;Ca0; Si0,+AlL,05; SiO,—RO and ALLO ;/RO or
RO/AL,O;. In the present invention when other ingredients
or components are added to the glass batch materials to alter
the forming and/or liquidus temperatures of the glass and/or
are present in the glass, for example but not limiting to the
invention Na,O, Li,O, K,0 and B,O; the following math-
ematical relationships are of interest, (Si0,+Al,05)/(R20+
RO+B,0;) where RO is as previously defined and R20=
Na,0+Li,0+K,0. In Tables 1 through 22, the relationship
(Si0,+A1,05)/(R20+R0O+B,0;) is shown as (Si+Al)/
(R20+RO+B) to fit the formula into a reasonable column
width. Each of the compositional features of the glass
identified above reflects the relative balance between the
fluidity (i.e. viscosity) of the glass melt and its crystalliza-
tion potential, as will be discussed below in more detail. The
physical melt properties of interest in the present discussion
are the forming temperature and the liquidus temperature
because embodiments of the present invention are to provide
low boron or boron free glass compositions having a low
forming temperature and a desired AT. In this manner, the
glass can be processed, e.g. to form glass fibers at a low
temperature while reducing the possibility of devitrification
of the molten glass, e.g. in the bushing area. Without limiting
the present invention, one embodiment of the invention
includes a glass composition having a forming temperature
of no greater than 1240° C. (2264° F.) and a AT of at least
50° C. (90° F)).

In the following discussion, the mathematical relationship
is to the ingredients in the glass; however, the invention is
not limited thereto and contemplates identifying and using
the relationship of the ingredients to be added to the batch,
e.g. mixing the batch prior to melting the batch to form the
glass. Further, in the following discussion the mathematical
relationship of the ingredients will be in wt % of the
ingredients in the glass composition; however, the invention
is not limited thereto and maybe the mole % or any mea-
surement that identifies the amount of the ingredient in the
batch materials and/or the glass composition.

In regards to the ingredients or constituents of the qua-
ternary system presented above, it is known that pure silica
is the highest melting glass former. A pure silica melt does
not have a well defined melting point. At 2500° C. (4532°
F), it has a viscosity of greater than about log 4 (10,000)
poise, and as it cools to room temperature, it gradually
solidifies and forms a glass. Pure calcia, magnesia and
alumina melts are known to have very low viscosities, e.g.
in the range of 0.5-2.0 poise at their respective melting
points. These materials do not solidify into a glass as the
melt cools but rather crystallize instantly at their sharply
defined melting point. In a typical quaternary SiO,—
Al,0,—Ca0—MgO glass composition with 55-60% SiO,
and 21-26% CaO, each oxide of the quaternary system
contributes its unique characteristics toward its balance of
melt properties.

Based on the material properties of the constituents of the
quaternary system for a glass composition having these
components, it can be inferred that as SiO,, which is the
largest oxide component of the glass composition in terms of
weight percent, is reduced in a given composition of this
type, the melt viscosity and the resulting log 3 forming
temperature drops. If CaO, which is the second largest
component of the glass composition in terms of weight
percent, or MgO is increased in such a composition, the
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effect of RO (CaO+MgO) on the glass properties will be
twofold. More specifically, it will not only increase the
fluidity of the resulting melt (i.e. decrease its viscosity and
the forming temperature) but it will also increase the crys-
tallizability of the resulting melt (i.e. increase its liquidus
temperature), and therefore reduce the AT.

As a result, although not required, in one nonlimiting
embodiment of the present invention, the glass compositions
have (1) the lowest SiO, content that will yield the lowest
log 3 forming temperature, which in the present invention is
below 1240° C., preferably below 1220° C. in combination
with (2) the ratio of SiO, to RO that yields the process-
required AT, which in the present invention is at least 50° C.
Based on the forgoing and although not required in the
practice of the invention, in one nonlimiting embodiment of
the present invention, the silica level is preferably no greater
than 62 wt % SiO,, in order to promote a lower log 3
forming temperature. In other nonlimiting embodiments of
the present invention, the glass compositions have no greater
than 60 wt % SiO, and no greater than 58 wt % SiO,.

In general, MgO is included in a glass fiber forming
composition because it has been found that the heating and
melting profile of a glass fiber composition, and in particular
the liquidus temperature, can be controlled and in particular
optimized by controlling the amount of MgO. More
particularly, by regulating the amount of MgO, the liquidus
temperature can be selected to provide a delta T of at least
50° C. In addition, it has been determined that a eutectic
exists in a generic quaternary SiO,. Al,0;—CaO—MgO
system at around 2.5-2.8 wt % MgO. For a discussion of the
eutectic reference may be had to WO 00/73231 which
document is hereby incorporated by reference.

The value of the SiO,/RO ratio can be manipulated by
changing the amount of SiO, and/or RO to produce a glass
composition having a AT as close as possible to the mini-
mum desire AT. A decrease in the value of SiO,/RO, which
is indicative of a reduction in the wt % of SiO, and/or an
increase in the wt % of CaO and/or MgO, or any change or
combination of changes in the wt % of the SiO,, CaO and/or
MgO, will effect the melt viscosity and AT, and will increase
the crystallization potential. Conversely, an increase in the
value of Si0,/RO will effect the melt viscosity and AT, and
will decrease the crystallization potential. It should be
appreciated that if the value of SiO,/RO ratio drops too low,
AT can drop to an unacceptable level. Although not required,
in one nonlimiting embodiment of the present invention,
SiO,/RO is no greater than 2.40. In other nonlimiting
embodiments, Si0,/RO is no greater than 2.35, or no greater
than 2.30, or no greater than 2.25, or no greater than 2.20.
In still another nonlimiting embodiment of the invention, the
value of SiO,/RO ranges from 1.9 to 2.55, e.g. from 2.1 to
2.55 for boron-free glasses and from 1.9 to 2.4 for boron
containing glasses.

In addition to the SiO, level and the SiO,/RO ratio, the
following parameters also describe the compositional enve-
lope level of a quaternary glass composition: the Si0,/CaO
ratio, the Si0,/Al,Oj ratio, the Al,O,/CaO ratio, the sum of
Si0,+Al1,0 5, the difference between SiO,—RO, and the
AL, O4/RO ratio. The following parameters describe the
compositional envelope level of a glass composition con-
taining additional temperature modifying ingredients: the
sum of R2Z0+R0O+B,0;, where R20=Na,0+K,0+Li,0 and
the (Si0,+AlL,05)/(R,0+R0+B,0,) ratio.

While the SiO,/RO ratio at a given silica level describes
the compositional effect of RO on the crystallization poten-
tial and melt fluidity, the Si0,/CaO ratio shows only the
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effect of CaO on the crystallization potential. If the MgO and
the SiO2 levels are kept constant in a comparison of various
melts, a decrease in the value of SiO,/CaO will show an
increase in crystallization potential due to the contribution of
CaO and visa versa. The SiO,—RO difference serves as a
similar indicator, i.e. a decrease in the difference or a smaller
difference is typically indicative of a greater relative amount
of RO and thus an increase in the crystallization potential.
And conversely, an increase in the difference or a larger
difference in SiO,—RO is indicative of a reduction in the
crystallization potential. In one nonlimiting embodiment of
the present invention, the SiO,/CaO ratio of the glass
composition ranges from 2.1 to 2.8, e.g. from 2.3 to 2.8 for
boron-free glasses and from 2.2 to 2.7 for boron containing
glasses. In another nonlimiting embodiment of the present
invention, the Si0,—RO difference of the glass composition
ranges from 26.5 to 36.6 wt %, e.g. from 30.5 to 36.6 wt %
for boron-free glasses and from 26.5 to 34.0 wt % for boron
containing glasses.

The sum of SiO,+Al,O; is another parameter that
describes the compositional envelope of a given melt. Up to
about an Al,O; level of 14 to 15 wt %, Al,O; is believed to
be able to participate in the network formation with SiO,,
and counteract the crystallization potential of RO that is
always present. At higher AL,O; levels, e.g. greater than 15
wt %, Al,O5 will begin to act much like RO and contribute
to a rise of the crystallization potential of a given melt. Thus
a lower value of Si0,+A1,0 5, which is indicative of a lower
Al,0; level for a glass composition of a given wt % of SiO,,
will typically result in a lower crystallization potential, and
a greater value of SiO,+Al,05 will typically result in a
higher crystallization potential for a given melt. In one
nonlimiting embodiment of the present invention, the SiO,+
AL, O5 sum of the glass composition ranges from 66.0 to 73.7
wt %, e.g. from 70.8 to 73.7 wt % for boron-free glasses and
from 66.0 to 72.1 wt % for boron containing glasses.

Similarly with respect to SiO,/Al,O5 and based on the
characteristics of the melt provided by the amount of A1,O,
an increasing ratio value would be indicative of a reduction
in the amount of Al,O; and/or an increase in the amount of
SiO, and would be accompanied by a reduction in the
crystallization potential of the melt. Conversely, a decreas-
ing ratio value would be accompanied by an increase in the
crystallization potential of the melt. In one nonlimiting
embodiment of the present invention, the SiO,/Al,O; ratio
of the glass composition ranges from 3.7 t0 5.0, ¢.g. from 4.2
to 5.0 for boron-free glasses and from 3.7 to 4.9 for boron
containing glasses.

As mentioned above, other mathematical relationships of
ingredients of glass compositions, e.g. the Al,0,CaO ratio,
the Al,O5/RO ratio, and the (SiO,+AlL,0;)/(R20+RO+
B,0,) ratio may be developed to characterize a given melt.
In one nonlimiting embodiment of the present invention, the
value of the Al,O,;/CaO ratio of the glass composition
ranges from 0.5 to 0.6. In another nonlimiting embodiment
of the present invention, the value of the Al,O5/RO ratio of
the glass composition ranges from 0.4 to 0.6, e.g. from 0.46
to 0.53 for boron-free glasses and from 0.46 to 0.56 for
boron containing glasses. In still another nonlimiting
embodiment of the present invention, the value of the
(Si0,+A1L,0,)A(R20+R0O+B,0,) ratio of the glass compo-
sition ranges from 2.0 to 3.0, e.g. from 2.3 to 3.0 for
boron-free glasses and from 2.0 to 2.7 for boron containing
glasses. Reference may be had to WO 01/32576 for addi-
tional discussion on the Al,05CaO ratio, and the (SiO,+
AlL,0,)/(R204R0+B,0,) ratio.

The discussion will now be directed to additives to the
batch materials to alter the forming temperature, the liquidus
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temperature and the delta T. As previously discussed, boron
is a material that is added to glass fiber compositions to
reduce the forming temperature and the liquidus tempera-
ture. However, as discussed earlier, the inclusion of boron
oxide results in the production of particulate emissions that,
depending on the particulate level, may have to be removed
from a melting furnace exhaust stream before being released
into the environment. Although the amount of B,O5 can be
as high as 10 wt % in an E-glass composition, in the present
invention, the glass composition has no boron or a low boron
content, i.e. has a B,O; content in the range of 0 to 5.10
wt %. In other nonlimiting embodiments of the present
invention, the glass fiber composition has no greater than 4
wt %, or no greater than 3 wt %, or no greater than 2 wt %
B,O;. In another nonlimiting embodiment of the present
invention, the glass composition is boron-free or essentially
boron-free. As the term “essentially free” is used herein, the
glass composition does not include an ingredient purposely
added to the glass but found in the glass in trace amounts.
In the practice of the invention, a glass having up to 0.05
wt % B,0; is considered a boron free glass.

Further, as previously discussed, fluorine is a material
added to glass fiber compositions as a flux, however,
because of the environmental concerns it is preferred not to
include fluorine. Nevertheless because equipment is avail-
able to remove the fluorine from the exhaust gases, the
invention may be practiced using fluorine. In one nonlim-
iting embodiment of the present invention, the glass com-
position has low fluorine content, in other words, a fluorine
content no greater than 0.30 wt %. In another nonlimiting
embodiment, the glass composition is essentially fluorine
free, i.e. it includes no more than a trace amount of fluorine,
which is considered herein to be up to 0.05 wt %. In still
another nonlimiting embodiment, the glass composition
does not include any fluorine. Except where otherwise
indicated, the glass fiber forming compositions disclosed
and discussed herein are essentially fluorine free and/or do
not include any fluorine.

Additional materials that can be added to the glass fiber
composition to modify the melt properties, e.g. to reduce
forming temperature and/or liquidus temperature of the glass
include without limiting the glass compositions disclosed
herein, are Li,O, Na,O, ZnO, TiO,, MnO and/or MnO,.
Alkali oxides are network terminators and tend to effect the
melt properties. K,O an alkali oxide is found in levels up to
0.60 wt % in commercial clays and is not normally added as
a separate ingredient to the batch materials; however, in the
practice of the invention it may be added as a separate
material. In the practice of the invention alkali oxides up to
2.00 wt %, preferably 1 wt % are present in the glass of one
embodiment of the invention. In the instance where K,O is
present in the clay, the difference is usually made up by
additions of Na,O and Li,O. Li,O is more effective in
reducing the melt properties than Na,O. In one non-limiting
embodiment of the present invention, the glass composition
includes 0 to 1.0 wt % Li,O and/or 0 to 1.00 wt % Na,O
and/or 0 to 1 wt % K,O. Non-alkali oxide ingredients
usually employed to reduce the melt properties are ZnO,
TiO,, MnO and/or MnO,, in amounts of about 0 to 1.5 wt %
Zn0, 0 to 1.5 wt % TiO,, 0 to 3 wt % MnO and/or O to 3
wt % MnO,. It is believed that levels of these materials less
than 0.05 wt % would be considered either tramp amounts
or so low that they will not materially impact the glass melt
properties. As a result, in another non-limiting embodiment,
0.05 to 1.5 wt % Li,O and/or 0.05 to 1.0 wt % Na,O and/or
0.05 to 1.0 wt % K,O and/or 0.05 to 1.5 wt % ZnO and/or
0.05 to 1.5 wt % TiO, and/or 0.05 to 3 wt % MnO and/or
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0.05 to 3 wt % MnO, are included in the glass composition.
In still another nonlimiting embodiment of the invention, the
glass composition includes 0.2 to 1 wt % Li,O and/or 0.30
to 1.0 wt % Na,O and/or 0.30 to 1.0 wt % K,O and/or 0.2
to 1 wt % ZnO and/or 0.05 to 1.1 wt % TiO, and/or up to
1 wt % MnO and/or up to 1 wt % MnO,.

As mentioned above, the ratio (Si0,+A1,05)/(R20+RO+
B,0,) takes into account the wt % of the additions of B,O,,
Na,0, K,O and Li,O that is (are) measured in the glass or
batch materials regardless of the amount. Tramp amounts of
these materials in the glass and/or batch are to be used to
determine the value of the ratio. If any or all of the additions
of B,O;, Na,0, K,0 and Li,O are not determined to be
present in the glass and/or batch, the value of zero is used for
that ingredient in determining the value of the ratio. For
example but not limiting to the invention, if Na,O, K,O and
Li,O are present and B,O; is not, the ratio (Si0,+A1,05)/
(R204R0O+B,0;) becomes (Si0,+AL0,)/(R20+R0). If
none of the ingredients B,O,;, Na,O, K,O and Li,O are
determined to be present, the ratio becomes (Si0,+A1,0,)/
RO. In the claims when the ratio (Si0,+AlL,05)/(R20+RO+
B,0,) is recited in a claim, if the ingredient is not recited in
the claim, it is not used to determine the value of the ratio
even though it is determined to be present in a glass covered
by the claim. The preceding discussion is applicable to the
other mathematical relationships, e.g. but not limiting
thereto (R,0+RO+B,0,).

It should be appreciated that glass fiber compositions can
include other oxides that are present as tramp materials such
as BaO, ZrO,, SrO and Cr,0, which are usually present in
amounts of up to 0.1 wt %.

Further, it should be appreciated that the glass composi-
tions disclosed herein can also include small amounts of
other materials, for example melting and refining aids, tramp
materials or impurities. For example and without limiting
the present invention, melting and fining aids, such as FeO,
Fe,O; and SO, are useful during production of the glass,
but their residual amounts in the glass can vary and typically
have minimal, if any, material effect on the properties of the
glass product. In addition, small amounts of the additives
discussed above can enter the glass composition as tramp
materials or impurities included in the raw materials of the
main constituents, €.g. 0 to 0.5 wt % for SO;, FeO and
Fe,O,.

Shown in Table 1 are several examples of glass compo-
sitions of an embodiment of the invention, which relates to
the use of clay having high K,O and low TiO, levels in glass
batch materials and to glass compositions having high levels
K, 0 and low levels of TiO, K,O and TiO, can be added to
the batch materials but are not economically removed from
the clays used as batch material. As can be appreciated by
those skilled in the art of glass melting and as discussed
above, high K,O levels, e.g. up to 0.70 wt % in the glass
raises the forming temperature by as much as about 7 to 10°
C. in relation to a glass made from clay that introduces 0.10
wt % K,0O. One embodiment of the present invention relates
to an improved E-type glass having low weight percent
B,O0;, a forming temperature no greater than 1230° C.,
preferably no greater than 1222° C. and a delta T of at least
50° C. and preferably up to 65° C. The following are the
main constituents in wt % based on the total weight percent
of the final glass composition. The K,O and TiO, listed in
the ranges below for commercial glasses may or may not be
added to the batch as separate ingredient. If the K,O and
TiO, are not added, it is expected that they would be present
in the clay in varying wt % depending on the geographical
location of the clay. Although the K,O and TiO, would be

10

15

20

25

30

35

40

45

50

55

60

65

10

present in the clay, the invention contemplates separate
additions of K,O and/or TiO, to be within the ranges listed
below.

In those instances when the clay has high wt % of K, O,
e.g. 0.60 wt %, it is necessary to counteract the effect of the
K,O. More particularly, the K,O increases the forming
temperature; therefore, the ingredients in the batch materials
have to be modified so as to maintain a low forming
temperature, e.g. below 1240° C. In one embodiment of the
invention such a glass is as follows.

most

broad range preferred range  preferred range

SiO, (wt %) 52 to 60 54 to 59 55 to 58
ALO; (wt %) 8 to 16 11to 14 12 to 14
CaO (wt %) 21 to 26 22 to 25 23 to 25
MgO (wt %) 1to5s lto 4 2t0 3
KO (wt %) up to 1.00 0.30 to 1.00 0.30 to 0.80
Na,O (wt %) up to 1.00  0.30 to 1.00 0.30 to 0.90
K0 + Na,O (wt %) 0.70 to 2.00 0.80 to 1.5 0.90 to 1.20
B,O; (wt %) 1.00 to 3.50 1.10 to 2.00 1.20 to 1.50
Fe,O5 (Wt %) 0.10 to 0.50 0.15 to 0.45 0.20 to 0.40
TiO, up to 2.0 up to 1.5 Upto 1.3

The range provided for B,O; is not limiting to the
invention, and it is recommended the level of boron be
adjusted to meet local environmental regulations. As such,
the invention may be practiced having levels of B,O5 up to
3.5 wt %.

The glasses of the invention are further defined by one or
more of the following relationships:

broad range preferred range

wt % of CaO and MgO 26 to 28 wt % 26 to 27.70 wt %

(“RO”)

Si0,/Ca0 210 to 2.80 2.20 to 2.70
Si0,/RO 1.90 to 2.55 1.90 to 2.40
Si0,/ALO, 3.70 to 5.00 3.7 to 4.90
ALO,/CaO 0.45 to 0.65 0.50 to 0.60

Si0, + ALO, 66 to 73.70 wt % 66 to 72.10 wt %
Si0, - RO 26.56 to 36.60 wt %  26.50 to 34 wt %
ALO,/RO 0.40 to 0.60 0.46 to 0.56

R20 + RO + B,O, 28.00 to 32.00 wt %  28.00 to 31.00 wt %
(Si0, + ALOy)/ 2.00 to 3.00 2.00 to 2.70

(R20 + RO + B,0,)

where R20 is equal to the sum of Na,O + K,O.

Table 1 contains experimental samples A—E and illustra-
tive samples F and G of glass compositions incorporating
features of the invention. The ranges for the glass compo-
sitions listed on Table 1 are the minimum and maximum
values for the glass compositions recited on Table 1, and for
examples A-E, and F and G. More particularly, Table 1
provides the following glass compositions. A glass compo-
sition having the following ingredients:

SiO, 55.00 to 58 percent by weight;
Al O, 12.00 to 14.00 percent by weight;
CaO 23.80 to 24.80 percent by weight;
MgO 2.50 to 3.00 percent by weight;
TiO, up to 0.60 percent by weight;
Na,O 0.40 to 0.50 percent by weight;
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-continued -continued
K,0 0.40 to 0.60 percent by weight; Na,O + K,O 0.90 to 1.03 percent by weight;
Na,O + K,O 0.85 to 1.50 percent by weight; Fe,0, 0.30 to 0.40 percent by weight;
Fe, O, 0.20 to 0.40 percent by weight; 5 B,O, 1.30 to 1.50 percent by weight, and
B,O; 1.25 to 1.55 percent by weight;

the following relationships:
the following relationship of ingredients

10
RO 26.49 to 27.00 wt %
RO 26.25 to 27.60 wt % Si0,/Ca0 2.37 to 2.38
Si0,/Ca0 2.20 to 2.40 Si0,/RO 2.10 to 2.14
Si0,/RO 2.00 to 2.20 Si0,/Al,04 4.15 to 4.61
Si0,/ALO; 3.95 to 4.70 15 AL,0,/Ca0 051 to 0.57
Al,04/Ca0 0.50 to 0.60 Si0, + ALO; 70.37 to 70.44 wt %
Si0, + ALO; 69.00 to 70.50 wt % Si0, - RO 3021 to 30.85 wt %
Si0, - RO 28.00 to 31.00 wt % ALOyRO 0.46 to 0.52
ALO,/RO 0.45 to 0.5 R20 + RO + B,O; 28.94 to 29.20 wt %
RZO + RO + B,O, 28.90 to 30.00 wt % (SiO, + ALO,)/(R20 + RO + B,0,) 2.41 to 2.43
(SiO, + ALO)/(R20 + RO + B,03) 2.25 to 2.45 20
where R20 is equal to the sum of Na,O+K,O. The glasses
where R20 is equal to the sum of Na20+K20 has a have a log3 forming temperature in the range of 1218
log3 forming temperature in the range of 1210 to to 1219° C. and AT is in the range of 52 to 58° C.
1225° C. and AT is in the range of 52 to 65° C. The experimental or laboratory examples or samples on
Another glass composition defined by Examples A-E of 25 Table 1 discussed above and on Tables 2 to 19 to be
Table 1 has the following ingredients discussed below, unless indicated otherwise, were prepared

from certified or reagent grade oxides (e.g., pure silica or
calcia). Examples F and G on Table 1 and examples H and
I on Table 2 are illustrative examples and were not prepared

ifés iggg tg i;:gg g:ﬁ:ﬁt Ez zgzﬁt 30 in the following manner. The batch size for each example
C20 24.40 to 24.80 percent by weight; was 1000 grams. The individual batch ingredients were
MgO 2.55 to 2.80 percent by weight; weighed out, combined and placed in a tightly sealed glass
Tio, 0.55 percent by weight: jar or plastic container. The sealed jar or container was then
Na,O 0.45 percent by weight; . . . . .

K0 0.45 to 0.58 percent by weight; placed in a paint shaker.for 15 minutes or in a tubular mixer
Na,0 + K,0 0.90 to 1.03 percent by weight: 35 for 25 minutes to effectively mix the ingredients. A portion
Fe,0; 0.25 to 0.38 percent by weight; of the batch was then placed into a platinum crucible, filling
B,05 1.30 to 1.50 percent by weight, and no more than % of its volume. The crucible was then placed

in a furnace and heated at 1427° C. (2600° F.) for 15
minutes. The remaining batch was then added to the hot
40 crucible and heated at 1427° C. (2600° F.) for 15 to 30
minutes. The furnace temperature was then raised to 1482°
C. (2700° F.) and held there for 2 hours. The molten glass

the following relationships:

RO 26.95 to 27.56 wt % was then fritted in water and dried. The fritted samples were
S10,/Ca0 225 t0 2.29 reheated to a temperature of 1482° C. (2700° F.) and held at
2182&203 421:83 Eg i:ég 45 that temperature for 2 hours. The molten glass was then
ALO,/Ca0 0.51 to 0.56 fritted again in water and dried.

Si0, + ALO; 69.18 to 69.95 wt % The forming temperature, i.c. the glass temperature at a
8i0, - RO 28.04 to 30.65 wt % viscosity of 1000 poise, was determined by ASTM method
ﬁlfgiRR% +B.O 28'1‘2 Eg 2.955159 wt % (C965-81, and the liquidus temperature by ASTM method
(SI02 + A2O3)/(R20 + RO + B203) 231 to 2.40 50 (C829-81. The log 3 forming temperature of the composi-

tions reported in Tables 1-20 were determined by a com-
parison of the glass against physical standards supplied by
the National Institute of Standards and Testing (NIST). In
; o the Tables, the majority of the reported log 3 formin,
the range 021156 to 1164° C. and AT is in the range 55 temperatures is base(]i on}(l:omparison It)0 NIST 7g10A. Severeﬁ
of 54 to 65° C. e . of the reported log 3 forming temperatures are originally
Other glass compositions 1dent1ﬁed by Examples Fand based on NIST 717A which uses a borosilicate standard; in
G of Table 1 have the following ingredients those instances the values were converted to correspond to
NIST 710A. Therefore all the log3 forming temperatures are
60 considered to based on NIST 710A.

where R20 is equal to the sum of Na,O+K,O. The
glass composition has a log3 forming temperature in

Sio, 56.70 to 57.85 percent by weight; Sele.cted samples haq ingredients adde.d that would be
AlLO, 12.55 to 13.67 percent by weight; found in the clays used in the batch material. Such as K, O,
Ca0 23.87 to 24.45 percent by weight; TiO,, calcium fluoride, SrO and/or Cr,Os.

MgO 2.55 to 2.62 percent by weight; . . .
TiO 0.05 to 0.34 percent by weight The weight percent of the constituents of the composi-
Nazf) 0.4 to 0.455 percent by Weigﬁt; 65 tions shown in Tables 1-19 except for E).(amplf.:s FtolI are
K,O 0.45 to 0.51 percent by weight; based on the weight percent of each constituent in the batch.

It is believed that the batch weight percent is generally about
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the same as the weight percent of the melted sample, except
for glass batch materials that volatilize during melting, e.g.
boron, fluorine and moisture absorbing materials. In the case
of boron, it is believed that the weight percent of B,O5 in a
laboratory sample will be 10 to 16 weight percent less than
the weight percent of B,O5 in the batch composition, the
precise loss depending on the composition and melting
conditions. In the case of fluorine, it is believed that the
weight percent of fluorine in a laboratory test sample will be
about 50 percent less than the weight percent of fluorine in
the batch composition, the precise loss depending on the
composition and melting conditions. In the case of CaO,
CaO has an certified ignition loss 3—5 wt % (an average of
4 wt %). The determination of the wt % of the batch
materials for the samples listed on Tables 1-19 except for
Examples F to I, through an oversight, did not take into
account the ignition loss. Therefore in practicing the
invention, this fact should be taken into account. Because
the 4 wt % error is minimal, the recitation of the wt % o of
CaO recited in the claims covering the embodiments of the
glass compositions listed on Tables 1-19 does not take into
account the ignition loss. Table 20 has production samples;
the analysis of the ingredients of the examples on Table 20
were measured using XRF analysis.

As can be appreciated by those skilled in the art of
converting data from laboratory melt sample to data used to
prepare batch materials for commercial glass production, the
melting and fining conditions of the commercial furnace to
be used to melt and fine the glass has to be taken into
consideration. It is believed that glass fiber compositions
made from commercial grade materials and melted under
conventional operating conditions will have similar batch
and melt weight percents as discussed above, with the
precise loss depending, in part, on the furnace operating
temperature, through-put and quality of commercial batch
materials. The amount of boron and fluorine reported in the
tables takes into consideration the expected loss of these
materials and represents the expected amount of the material
in the glass composition. It should further be appreciated
that the glass compositions disclosed herein can also include
small amounts of other materials, for example melting and
refining aids, tramp materials or impurities. For example and
without limiting the present invention, melting and fining
aids, such as SO, are useful during production of the glass,
but their residual amounts in the glass can vary and have no
material effect on the properties of the glass product. In
addition, small amounts of the additives discussed above can
enter the glass composition as tramp materials or impurities
included in the raw materials of the main constituents.

With reference to Tables 1-20, in each column of each
Table, the upper portion of the column lists the wt % of the
ingredients in the glass composition based on the batch
materials as was discussed above. The middle portion of the
column lists the mathematical relationship of the ingredients
discussed above for the particular glass composition in the
same column to obtain the thermal properties listed in the
bottom portion of the column e.g. forming temperature,
liquidus temperature and delta T (except for certain com-
positions of Table 20 which is discussed below.) Table 20
lists production glasses. The amount of each constituent of
the commercial compositions shown in the Table 20 is the
weight percent in the glass. The weight percent for the B,O5
was determined using Neutron Transmission analysis tech-
niques and the weight percent for the remaining constituents
was determined using X-ray fluorescence analysis (also
referred to as “XRF analysis”), all of which are well known
to those skilled in the art.
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Tables 2 through 19 include, but are not limited to glass
compositions disclosed in U.S. patent application Ser. No.
09/980,248, filed Nov. 28, 2001, in the name of Frederick T.
Wallenberger for “Glass Fiber Compositions” (hereinafter
“U.S. patent application Ser. No. 09/980,248”); in PCT
International Application No. PCT/US01/27451, filed Sep.
5,2001, in the name of Frederick T. Wallenberger for “Glass
Fiber Forming Compositions” (hereinafter “USPCT No.
01127451”); and in International Application No. PCT/
US00/14155. U.S. patent application Ser. No. 091980248
and International Application No. PCT/US00/14155 are
jointly referred to as “U.S. patent application Ser. No.
09/980,248 Combined”.

U.S. patent application Ser. No. 09/980,248 Combined
and USPCT No. 01/27451 discloses base composition for
the low boron glass fibers that are suitable for textiles and
glass fiber reinforcements, that may be used in the practice
of the present invention. In general, the base compositions of
U.S. patent application Ser. No. 09/980248 Combined and
USPCT No. 01/27451 include the following main constitu-
ents in weight percent ranges based on the total weight of the
final glass composition with the exception that USPCT No.
01/27451 glass compositions are boron free.

most

broad range preferred range  preferred range

SiO, (wt %) 52to 62 52 to 61 53 to 59
Na,O (wt %) Oto2 up to 1.5 up to 1

CaO (wt %) 16 to 25 20 to 25 22 to 24
ALO, (Wt %) 8 to 16 11 to 14 12to 14
Fe,05 (Wt %) 0.05 to 0.80 up to 0.5 up to 0.4
K,0 (wt %) Oto2 Uptol up to 0.1
B,O; (wt %) 1to5 1to 35 1to 2.5

In one embodiment the glass comparison of U.S. patent
application Ser. No. 09/980,248 Combined, the glass com-
position can include on or more of the following materials
in the following amounts.

broad range preferred range

Li,0 (wt %) 0.05t0 1.5 02to1
ZnO (wt %) 0.05t0 1.5 02to1
MnO (wt %) 0.05t0 3 up to 1
MnO, (wt %) 0.05t0 3 up to 1

For a complete discussion of the glass compositions dis-
closed in U.S. patent application Ser. No. 091980248
Combined, and disclosed in USPCT No. 01/27451, refer-
ence should be made thereto.

As discussed above the examples of Table 1 incorporate
features of one embodiment of the invention, a low boron
glass composition (see the upper portion of the columns on
Table 1) having a forming temperature below 1240° C.,
more preferably below 1225° C. and a delta T of greater than
50° C. (see the lower portion of the columns on Table 1). The
examples of Tables 1-20 include another feature of the
invention, mathematical relationship of the ingredients in
the glass composition (see middle portion of the columns on
Tables 1-20) to provide a forming temperature below 1240°
C. and a delta T of greater than 50° C. (see the lower portion
of the columns on Tables 1-20). The mathematical relation-
ship of the ingredients of the glass compositions on Table 1
were discussed above. Tables 2-19 include, but are not
limited to examples of glass compositions disclosed in U.S.
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patent application Ser. No. 09/980248 Combined and/or in
USPCT No. 01/27451. Additional examples within the
scope of the inventions of U.S. patent application Ser. No.
09/980,248 Combined and/or in USPCT No. 01/27451 are
included herein. For example, but not a complete
relationship, examples 188-236 are selected from U.S.
patent application Ser. No. 09/980,248 Combined and
examples 7-24, 43-50 ,78-185, and 219-267 are selected
from USPCT No. 01/27451. Examples A-E, 25, 30-32,
6075 are examples, among others, presented by this appli-
cation. The examples identified as selected from U.S. patent
application Ser. No. 09/980248 Combined and/or in USPCT
No. 01/27451 and those added to the Tables by the instant
disclosure are not complete. For a complete comparison
reference may be had to U.S. patent application Ser. No.
09/980,248 Combined and/or in USPCT No. 01/27451.

For a better appreciation of the invention the samples on
Tables 2—19 are categorized according to the following types
of glass compositions.

Type-1 Glasses boron-free (Table 2)
Type-2 Glasses up to about 5.10 wt % B,0; (Tables 3-11)
Type-3 Glasses boron-free with lithium oxide (Tables 12 and

13)

Type-4 Glasses boron-free with lithium and zinc oxide

(Tables 14 and 15)

Type-5 Glasses boron-free with zinc oxide (Table 16)

Type-6 Glasses up to 5 wt % B,O; with lithium oxide
(Tables 17 and 18)

Type-7 Glasses miscellancous glass (Table 19)

Table 20, as previously discussed includes production
glasses.

Table 2 (Typ 1 Glasses) includes glass compositions of a
quaternary system that includes SiO, in the range of 57-60
wt %, preferably in the range of 57.25-59.50 wt % and more
preferable in the range of 57.40-59.10; AL,O, in the range
of 12-14 wt %, preferably in the range of 12-13.50 wt % and
more preferably in the range of 12.15-13.45 wt %; CaO in
the range of 23-25 wt %, preferable in the range of
23.50-24.50 wt % and more preferable in the range of
23.70-24.20 wt %, and MgO in the range of 2-3 wt %,
preferably in the range of 2.25-2.75 wt % and more pref-
erably in the range of 2.50-2.60 wt %. The glass composi-
tions of Table 2 further include TiO, in the range of up to
1.25 wt %, preferably in the range of 0.25-1.20 wt % and
more preferably in the range of 0.50-1.15 wt %; Na,O in the
range of 0.75-1.25, preferably in the range of 0.75-1.00
wt % and more preferably in the range of 0.85-0.9 5wt %;
and Fe,O; in the range of up to 0.50 wt %, preferably
0.10-0.50 wt % and more preferably in the range of
0.30-0.40 wt %. The compositions of Table 2 are boron free.
Compositions 1-6 of Table 2 further include TiO, in the
range of 1.00-1.25 wt %, preferably in the range of
1.00-1.20 wt % and more preferably in the range of
1.05-1.15 wt %; Na,O in the range of 0.75-1.25, preferably
in the range of 0.75-1.00 wt % and more preferably in the
range of 0.85-0.95 wt %; and Fe,O; in the range of up to
0.35 wt %, preferably 0.10-0.30 wt % and more preferably
in the range of 0.20-0.30 wt %. Compositions H and I
include TiO, in the range of 0-0.9 wt %, preferably in the
range of 0.25-0.75 wt % and more preferably in the range
of 0.50-0.6 wt %; Na,O in the range of 0.75-1.25, prefer-
ably in the range of 0.75-1.00 wt % and more preferably in
the range of 0.85-0.95 wt %; and Fe,O, in the range of up
to 0.50 wt %, preferably 0.10-0.40 wt % and more prefer-
ably in the range of 0.30-0.40 wt %.

A glass composition having the ingredients of Table 2
within the above ranges and at least one of the following
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relationships provides a glass composition having a forming
temperature below 1240° C. and a delta T of greater than 50°
C,eg.:

Relationship Broad Range Preferred Range

RO (CaO + MgO) 26to 28 Wt % 26.00 to 27.25 wt %
Si0,/Ca0 2.10 to 2.80 2.30 to 2.80
Si0,/RO 1.90 to 2.55 1.90 to 2.40
Si0,/ALO, 3.70 to 5.00; 4.20 to 5.00
ALO,/Ca0 0.40 to 0.75 0.50 to 0.60

Si0, + ALLO, 66 to 73.7 wt % 70.80 to 73.7 wt %
R,0 + RO 27t0 2815wt 27.15 to 20 wt %
(Si0, + ALOR)/(R,0 + RO) 2.0 to 3.0 2.30 to 3.00

Si0, - RO 26.5 to 36.6 wt % 30.50 to 36.60 wt %
ALO4/RO 0.41t0 0.6 0.46 to 0.56

The Type 1 glass compositions are not expected to have
any Li,O or K,O, therefore R20 is equal to the wt % of
Na,O.

As can be appreciated, Table 2 also provides ranges for
the ingredients and the relationships. For example, but not
limiting to the invention, the ranges for the ingredients of the
glass compositions listed on Table 2 are as follows:

SiO, 57.45 to 59.05 percent by weight;
Al O, 12.20 to 13.40 percent by weight;
CaO 23.75 to 24.35 percent by weight;
MgO 2.55 percent by weight;
TiO, 1.10 percent by weight:
Na,0; 0.90 percent by weight, and
Fe,0, 0.25 percent by weight.

The range of the mathematical relationships of the ingre-
dients from Table 2 for the glass compositions listed on
Table 2 is found in Table 21 in the column entitled “Type 1
Glasses”. The glasses on Table 2 have a log3 forming
temperature in the range of 1232 to 1240° C. and a AT in the
range of 58 to 74° C.

Table 2 also provides ranges for the Examples 1-6. More
particularly, from Table 2 Example 1-6 glass compositions
have the following ingredients and ranges:

Sio, 57.45 to 59.05 percent by weight;
Al O, 12.20 to 13.68 percent by weight;
CaO 23.75 to 24.50 percent by weight;
MgO 2.55 to 2.58 percent by weight;
TiO, 0.55 to 1.10 percent byweight;
Na,03 0.90 to 0.91 percent by weight, and
Fe,0, 0.25 to 0.35 percent by weight.

The range of the mathematical relationship of the ingre-
dients from Table 2 for the glass compositions of Examples
1-6 can be found on Table 21 under Type 1 Glasses. The
glass compositions of Examples 1-6 have a log3 forming
temperature in the range of 1232 to 1240° C. and a AT in the
range of 58 to 74° C.

Further, Table 2 provides ranges for the Examples H and
I. More particularly, from Table 2 Examples H and I glass
compositions have the following ingredients and ranges:

Si0,
ALO,

57.60 to 58.18 percent by weight;
13.55 to 13.68 percent by weight;
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CaO 23.75 to 24.50 percent by weight;
MgO 2.55 to 2.58 percent by weight;
TiO, 0.55 percent by weight;
Na, O, 0.90 to 0.91 percent by weight, and
Fe,05 0.35 percent by weight.

the ranges for the mathematical relationships of the ingre-
dients from Table 2 are as follows:

RO 26.33 to 27.05 wt %
$i0,/Ca0 2.35 to 2.45
Si0,/RO 213 to 2.20
Si0,/ALO;, 425

ALO,/Ca0 0.55 to 0.58

Si0, + ALO, 71.15 to 71.86 wt %
$i0, - RO 30.55 to 31.85 wt %
ALOL/RO 0.50 to 0.52

R20 + RO 2724 t0 27.95 wt %
(SiO, + ALO,)/(R20 + RO) 2.55 to 2.64

The glass compositions of Examples H and I have a log3
forming temperature in the range of 1238 to 1240° C. and a
AT of 55° C.

Tables 3-11 (Type 2 Glasses) include glass compositions
of a quaternary system that includes SiO, in the range of
50-60 wt %, preferably in the range of 52.25-59.00 wt %
and more preferable in the range of 52.90-58.00 wt %;
Al,O; in the range of 10-14 wt %, preferably in the range
of 11-14 wt % and more preferably in the range of 12-14
wt %; CaO in the range of 21-26 wt %, preferable in the
range of 21.50-25.50 wt % and more preferable in the range
of 22-25 wt %, and MgO in the range of 14 wt %,
preferably in the range of 1.25-3.50 wt % and more pref-
erably in the range of 1.45-3.25 wt %. The compositions of
Tables 3-11 include B,O; in an amount within the range of
greater than O to 5.10 wt %, e.g. 0.90-5.10 wt %. The
compositions of Table 3—11 further contemplate TiO, in the
range of 0.25-1.25 wt %, more likely in the range of
0.40-1.20 wt % and most likely in the range of 0.45-1.15
wt %; Na,O in the range of 0.25-1.25, preferably in the
range of 0.35-1.00 wt % and more preferably in the range
of 0.40-0.95 wt %; K,O expected in amounts up to 0.60
wt %; and Fe, O, in the range of up to 0.50 wt % preferably
up to —0.45 wt % and more preferably up to 0.40 wt %. Other
ingredients included in the glass compositions of Tables
3-11 but not limited thereto are fluorine in amounts up to
0.50 wt %; SrO in amounts up to 0.15 wt % and Cr,O; in
amounts up to 0.15 wt %.

A glass composition having ingredients of Tables 3-11
within the above ranges and at least one of the following
relationships provides a glass composition having a forming
temperature below 1240° C. and a delta T of greater than 50°
C.:

Relationship Broad Range Preferred Range

RO (CaO + MgO) 241029 wt% 2475 to 27.60 wt %
$i0,/Ca0 2.10 to 2.80 215 to 2.75
Si0,/RO 1.95 to 2.55 1.90 to 2.40
Si0,/ALO, 3.70 to 5.00 3.70 to 4.90
AlLO,/Ca0 0.45 to 0.65 0.45 to 0.65

66 to 73.7 wt %
27.5 to 34 wt %

66 to 72.1 wt %
28 to 33 wt %

Si0, + ALO,
R,0 + RO + B,O,
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(SiO, + ALO,)/ 2.00 to 3.00 2.00 to 2.70
(R,0 + RO + B,05)
Si0, - RO

ALO,/RO

26.5 to 36.6 wt %
0.40 to 0.60

26.5 to 34 wt %
0.46 to 0.56

Type 2 glasses of Tables 3—11 do not consider Li,O as an
ingredient; therefore for Tables 3—11, R20 is equal to the
sum of the wt % of K,O and Na,O. If one of the ingredients
is not present in the glass it is given a 0 wt %. For the glasses
listed on each of the Tables 3,4,6,7, 10 and 11, only the
addition of Na,O is considered; therefore for the glasses on
the individual Tables 3,4,6,7,10 and 11, R20 is equal to the
wt % of Na,O. For the glasses listed on the individual Tables
5,8 and 9, Na,O and K,O are considered; therefore for the
glasses on the individual Tables 5,8 and 9, R20 is equal to
the sum of the wt % of Na,O and K,O.

As can be appreciated, each of the Tables 3—11 provides
ranges for the ingredients and the relationships. For example
and not limiting to the invention, Tables 3—11 provide glass
compositions having the following ingredients in the fol-
lowing ranges:

Sio, 53.00 to 57.75 percent by weight;
Al O, 12.20 to 14 percent by weight;
CaO 22.25 to 24.95 percent by weight;
MgO 1.50 to 3.00 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Na,O 0.45 to 0.90 percent by weight;
K,0 0 to 0.38 percent by weight;
Fe,0, 0 to 0.30 percent by weight;
B,O, 1.30 to 5.02 percent by weight;

F 0 to 0.50 percent by weight;
0 to 0.13 percent by weight, and
0 to 0.13 percent by weight.

The mathematical relationship of the ingredients is found
on Table 21 in the column entitled “Type 2 Glasses™.

Table 3 provides glass compositions having ingredients in
the following ranges:

SiO, 56.00 to 56.65 percent by weight;
Al O, 13.05 to 13.60 percent by weight;
CaO 23.50 to 24.25 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Na,O 0.90 percent by weight;
Fe,0, 0.25 percent by weight, and
B,O; 2.00 percent by weight.

The ranges for the mathematical relationships of ingredi-
ents of the glass compositions on Table 3 from Table 3 are
as follows:

RO 26.05 to 26.75 wt %
Si0,/Ca0 231 to 2.41
Si0,/RO 2.09 to 2.17
Si0,/ALO, 412 to 4.28
ALO,/Ca0 0.56 to 0.57
Si0, + ALO, 69.60 to 69.95 wt %
Si0, - RO 29.25 to 30.60 wit %
ALOL/RO 0.50 to 0.52
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R20 + RO + B,O,

28.95 to 29.65 wt %

R20 + RO + B,O,

29.28 to 29.74 wt %

(810, + AL O3)/(R20 + RO + B,O3) 2.35to 2.41 p (810, + AL, 03)/(R20 + RO + B,03) 2.31 to 2.37
The glass compositions of Table 3 have a log3 forming The glass .compositions of Table 5 he:)ve a log3 for.ming
temperature in the range of 1200 to 1220° C. and a AT is in temperature in theorange of 1210 t0 1222° C. and a AT in the
the range of 56 to 69° C. rar}lgeblOf653 to .(719 Cl o havin inered .
Table 4 provides glass compositions having ingredients in 10 able b provides glass compositions having ingredients in
: . the following ranges:
the following ranges:
Sio 56.15 to 57.50 t b ight;
SiO, is 56.25 to 57.75 percent by weight; 122 o pereent by welg ?
. . 15 Al,O, 13.25 to 13.95 percent by weight;
ALO; is 12.20 to 13.20 percent by weight; o0
. CaO 24.40 to 24.95 percent by weight;
CaO 23.75 to 24.25 percent by weight; M P
. g0 2.55 percent by weight;
MgO 2.55 percent by weight; TiO 055 b et
. . > . percent by weight;
TiO, 1.10 percent by weight; o0
Na.O 0.90 b it Na,O 0.90 percent by weight;
& 7 bereen: by Weigh'; Fe,0, 0.25 to 0.35 percent by weight, and
Fe,05 0.25 percent by weight, and B.O 1.30 percent by weight.
B,O; 1.30 to 1.40 percent by weight. 20 273
. . . The ranges for the mathematical relationships of the
~ The ranges for the mathematical relationships of the ingredients of the glass compositions of Table 6 from Table
ingredients for the glass compositions of Table 4 from Table 6 are as follows:
4 are as follows: 25
RO 26.95 to 27.50 wt %
RO 26.30 to 26.80 wt % Si0,/Ca0 2.25t0 2.36
Si0,/Ca0 2.32t0 2.43 SiO,/RO 2.04 to 2.14
Si0,/RO 2.10 to 2.20 30 Si0,/ALO, 4.01 to 4.66
Si0,/ALO; 4.26 to 4.73 ALO,/Ca0 0.54 to 0.57
ALO,/Ca0 0.51 to 0.56 Si0, + ALO, 69.50 to 69.99 wt %
Si0, + ALO, 69.45 to 69.95 wt % Si0, - RO 28.65 to 30.65 wit %
SiO, - RO 29.45 to 31.45 wt % Al,O5/RO 0.46 to 0.51
Al,O3/RO 0.46 to 0.50 R20 + RO + B,O; 29.15 to 29.70 wt %
R20 + RO + B,O; 28.50 to 29.00 wt % 35 (810, + AL, 03)/(R20 + RO + B,053) 2.34 to 2.40.
(Si0, + ALO,)/(R20 + RO + B,0,) 2.39 to 2.45.
The glass compositions of Table 6 have a log3 forming
The glass compositions of Table 4 have a log3 forming temperature in the range of 1211to 1220° C. and a AT is in
temperature in the range of 1200 to 1218° C. and a AT in the the range of 52 to 66° C.
range of 55° C. to 70° C. 40  Table 7 provides glass compositions having ingredients in
The glass compositions of Table 5 have the following the following ranges:
ingredients in the following ranges:
45 Sio, 55.25 to 56.15 percent by weight;
. 55 s b oht: Al O, 13.05 to 13.30 percent by weight;
Si0, -19 to 56.00 percent by welg tf CaO 23.00 to 24.20 percent by weight;
Al,O, 13.10 to 13.80 percent by we%ght? MgO 2.55 percent by weight;
CaO 24.50 to 24.67 percent by we%ght? TiO, 0.25 to 1.25 percent by weight;
MgO 2.55 to 2.95 percent EY We}g}}llt., Na,0 0.90 percent by weight;
Tio, 1.10 percent by welg tf Fe,0, 0.25 percent by weight; and
Na,0 0.45 percent by we1.ght, 50 B,O; 3.00 percent by weight.
K,0 0.45 to 0.58 percent by weight;
Fe,0, 0.25 to 0.38 percent by weight, and
B,0; 1.30 percent by weight. The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 7 from Table
The ranges for the mathematical relationships of the 55 7 are as follows:
ingredients of the glass compositions of Table 5 from Table
5 are as follows:
RO 25.55 to 26.75 wt %
Si0,/Ca0 2.28 to 2.44
60 SiO,/RO 2.07 to 2.20
RO 27.08 to 27.45 wt % Si0,/AL,0, 4.15 to 4.30
$i0,/Ca0 2.25 to 2.28 ALO,/Ca0 0.55 to 0.56
Si0,/RO 2.01 to 2.07 Si0, + ALO, 68.20 to 69.20 wt %
Si0,/ALO, 4.01 to 4.19 Si0, - RO 28.45 to 30.60 wit %
ALO,/CaO 0.53 to 0.56 ALOL/RO 0.50 to 0.51
Si0, + ALO, 68.75 to 69.37 wt % R20 + RO + B,O, 29.45 to 30.65 wt %
Si0, - RO 27.78 to 28.92 wt % 65 (Si0, + ALO,)/(R20 + RO + B,0,) 224 to 2.35

ALOL/RO

0.48 to 0.51
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The glass compositions of Table 7 have a log3 forming
temperature in the range of 1193 to 1212° C. and a AT is in
the range of 64 to 90° C.

Table 8 provides glass compositions having ingredients in
the following ranges:

Sio, 54.12 to 55.25 percent by weight;
AlLO; 13.20 to 13.40 percent by weight;
CaO 24.20 to 24.55 percent by weight;
MgO 2.55 percent by weight;

TiO, 0.55 percent by weight;

Na,O 0.45 to 0.50 percent by weight;
K,0 0.45 to 0.55 percent by weight;
Fe,05 0.25 to 0.28 percent by weight;
B,O; 3.00 percent by weight;

F up to 0.20 percent by weight, and
Sr0 up to 0.12 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 8 from Table
8 are as follows:

RO 26.75 to 27.55 wt %
$i0,/Ca0 2.20 to 2.28
Si0,/RO 1.96 to 2.07
Si0,/ALO, 406 to 4.15
ALO,/Ca0 0.54 to 0.55
SiO, + ALO, 67.55 to 68.55 wt %
Si0, - RO 26.57 to 28.30 wt %
ALOL/RO 0.49 to 0.50
R20 + RO + B,O, 30.65 to 31.40 wt %
(Si0, + AL,O,)/ (R20 + RO + B,O5) 214 t0 2.22

The glass compositions of Table 8 have a log3 forming
temperature in the range of 1190 to 1204° C. and a AT is in
the range of 55 to 83° C.

Table 9 provides glass compositions having ingredients in
the following ranges:

Sio, 53.00 to 53.50 percent by weight;
AlLO; 13.10 to 14.00 percent by weight;
CaO 24.00 percent by weight;

MgO 1.25t 2.50ercent by weight;

TiO, 0.50 percent by weight;

Na,O 0.90 percent by weight;

K,0 0.37 percent by weight;

Fe,05 0.10 percent by weight;

B,O; 4.93 to 5.02 percent by weight;

F 0.50 percent by weight;
Sr0 0.13 percent by weight, and
Cr,05 0.13 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 9 from Table
9 are as follows:

RO 25.50 to 26.50 wt %
$i0,/Ca0 221 to 2.23
Si0,/RO 2.00 to 2.10
Si0,/ALO, 3.82 to 4.05
ALO,/Ca0 0.55 to 0.58
SiO, + ALO, 66.10 to 67.50 wt %
Si0, - RO 26.50 to 28.00 wt %

w
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AlLLO4/RO 0.49 to 0.55
R20 + RO + B,O, 31.70 to 32.79 wt %
(Si0, + ALO,)/(R20 + RO + B,O,) 2.02 to 2.13

The glass compositions of Table 9 have a log3 forming
temperature in the range of 1167 to 1177 and a AT is in the
range of 57 to 69° C.

Table 10 provides glass compositions having ingredients
in the following ranges:

SiO, 55.40 to 57.75 percent by weight;
Al O, 12.20 to 13.80 percent by weight;
CaO 22.25 to 24.85 percent by weight;
MgO 2.05 to 2.60 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Na,O 0.90 percent by weight;

Fe, 0, 0.25 percent by weight, and
B,O; 1.00 to 3.00 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 10 from Table
10 are as follows:

RO 26.80 to 27.35 wt %
$i0,/Ca0 2.23 to 2.55
Si0,/RO 2.05 to 2.27
Si0,/ALO;, 4.04 to 4.69
ALO,/Ca0 0.51 to 0.59
Si0, + ALO, 69.00 to 70.95 wt %
$i0, - RO 28.05 to 32.55 wt %
ALOL/RO 0.46 to 0.53
R20 + RO + B,O, 2815 to 30.25 wt %
(Si0, + ALO,)/ 2.28 to 2.67

(R20 + RO + B,05)

The glass compositions of Table 10 have a log3 forming
temperature in the range of 1202 to 1240° C. and a AT is in
the range of 53 to 100° C.

The glass compositions listed on Table 10 and the glasses
within the scope of the embodiment of Table 10 have a
forming temperature in the range of 1202 to 1240° C. It
should be noted that the measured delta T for Example 91
was 34° C,; it is believed that this is a measuring error the
liquidus temperature because the glass composition of
Example 90 has similar ingredients, a lower liquidus tem-
perature and a delta T of 100° C. Therefore the delta T of
Example 91 is considered to be about 90° C. The preferred
glass compositions from Table 10 are those that provide the
forming temperature range 1202 to 1219° C. and a delta T
greater than 5° C., more particularly Examples 78-91.

The glass compositions of Examples 78-91 of Table 10
from Table 10 have the following ingredients in the follow-
ing ranges:

SiO, 55.40 to 56.65 percent by weight;
Al O, 13.05 to 13.80 percent by weight;
CaO 23.00 to 24.85 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Na,O 0.90 percent by weight;
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Tables 12 and 13 are boron free. The compositions of Tables
-continued 12 and 13 contemplate a TiO, in the range of 0.25-1.75
Fe.0 0.25 percent by weight, and V.Vt %, more likely in the range of 0.40-1.60 wt % and most
B.O, 2.00 to 3.00 percent by weight. likely more preferably in the range of 0.45-1.55 wt %; Na,O
5 in amounts up to 0.75 wt %, preferably in amounts up to 0.70
The ranges for the mathematical relationships of the Wt % and more preferably in amounts up t0 0.65 wi %; Liz.o
ingredients of the glass compositions of Examples 78-91 of in amounts in the range of 0.10 to 1.25 wt %, preferably mn
Table 10 from Table 10 are as follows: the range of 0.20 to 1.10 wt %, and more preferably in the
range of 0.30 to 1.00 wt %, and Fe,O; in the range of up to
100,50 wt %, preferably up to 0.45 wt % and more preferably
up to 0.30 wt %.
Is{i(()) (a0 iszéstctozzz;% wt % A glass composition having ingredients of Tables 12 and
SiOi/RO 2.03 to 2.20 13 within the above ranges and at least one of the following
Si0,/ALO; 4.06 to 4.34 ;5 relationships provides a glass composition having a forming
ALO,/CaO 0.54 to 0.57 temperature below 1240° C. and a delta T of greater than 50°
Si0, + ALO, 68.95 to 69.95 wt % )
SiO, - RO 28.05 to 30.60 wt % C:
ALO4/RO 0.49 to 0.53
R20 + RO + B,0; 28.95 to 30.25 wt %
(Si0, + ALO,Y 2.28 to 2.41
(R20 + RO + B;0;) 20 Relationship Broad Range Preferred Range
. RO (CaO + MgO) 23.50 to 27.50 wt % 23.75 to 27.00 wt %
The glass composition of Examples 78-91 have a log3 Si0,/Ca0 2.10 to 2.80 2.30 to 2.80
forming temperature in the range of 1202 to 1219° C. and a Si0,/RO 1.90 to 2.55 2.10 to 2.55
AT is in the range of 53 to 100° C. ’s Si0,/ALO, 3.70 to 5.00 4.20 to 5.00
The glass compositions of Table 11 from Table 11 have ?il(z)os-i(iloo 2?50230.76; o 2'042 Eg 2'362 o
. . . . . . (2 . . (2
the following ingredients in the following ranges: R202 +RO 2475 10 28 Wi % 25 to 27.75 wt %
(Si0, + AL O5)/ 2.00 to 3.00 2.30 to 3.00
(R,O + RO)
SiO, - RO 26.5 to 36.6 wt % 30.50 to 36.6 wt %
Sio, 56.10 to 57.75 percent by weight; 30 ALO4/RO 0.40 to 0.60 0.46 to 0.53
AlLO; 12.20 to 13.38 percent by weight;
CaO 23.75 to 24.42 percent by weight;
MgO 2.55 percent by weight; The Type 3 Glasses do not consider the addition of K20;
To, 0.55 to 1.10 percent by weight; therefore for Type 3 Glasses R20 is equal to the sum of the
Na,O 0.90 percent by weight; £ Na.O and LiO
Fe,05 0.25 percent by weight; and 35 wt % o a1 an .12 .
B,O; 1.30 to 1.40 percent by weight. As can be appreciated, each of the Tables 12 and 13
provides ranges for the ingredients and the relationships.
The ranges for the mathematical relationships of the More particularly, the glass compositions .of Tables .12 agd
ingredients of the glass compositions of Table 11 from Table 13 from Te}bles 12 and 13 have the following ingredients in
11 are as follows: 4o the following ranges:
RO 26.30 to 26.97 wt % SiO, 57.65 to 60.75 percent by weight;
Si0.,/Ca0 2.30 to 2.43 Al O, 12.00 to 13.64 percent by weight;
SiOz/RO 2.08 to 2.20 45 CaO 22 to 24.155 percent by weight;
SiOz/Al o 4.19 to 4.73 MgO 1.70 to 3.40 percent by weight;
A12(2)3/Cza03 0.51 to 0.54 TiO, 0.50 to 1.50 percent by weight;
Si0, + ALO, 69.48 to 69.95 wt % Na,O 0.30 to 0.60 percent by weight;
Si0, - RO 29.13 to 31.45 wt % Li,O 0.30 to 1.00 percent by weight, and
ALOL/RO 0.46 to 0.50 Fe,O, up to 0.25 percent by weight.
R20 + RO + B,0; 28.60 to 29.17 wt % 50
SiO,+ Al O3)/ 2.38 to 2.44 . . .
ERZOZ + RO i)BZOS) The ranges for the mathematical relationships of the
ingredients of the glass compositions of Tables 12 and 13
The ¢l .. £ Table 11 h loe3 formi from Tables 12 and 13 are on Table 21 under the column
C glass .COItIllpOSItIOHSfol 5 1; N 11 vace a gg Aj?r,mlrﬁg entitled “Type 3 Glasses™. The glass compositions of Tables
temperaftug;omct © rgrsl%e CO to -andaAlinthe 55 95 4pg 13 have a log3 forming temperature in the range of
ranj%ilo D at(f A (Toos 3 G - lude o 1205 to 1240° C., and a AT in the range of 50 to 100° C.
i a esf ant ( ypi thaiS'eS)l lgc uS © Og .asihcompo- The glass compositions of Table 12 from Table 12 have
sitions ot a quaternary system that Includes S, 1 the range the following ingredients in the following ranges:
of 55-62 wt %, preferably in the range of 5661 wt % and g1me § rang
more preferably in the range of 57.5-61 wt %; Al,O; in the 60
range of 10-14 wt %, preferably in the range of 11-14 wt %
and more preferably in the range of 11.75-13.75 wt %; CaO Sio, 58.25 to 59.97 percent by weight;
in the range of 20-26 wt %, preferable in the range of ALO, 12.19 to 13.64 percent by weight;
21.50-25.00 wt % and more preferable in the range of ;ag% %25'81:032132'6;?:;;:%;%6‘;:}1?%
21.75-24.50 wt %, and MgO in the range of 14 wt %, 65 TiO, 0.50 to 1.50 percent by weight:
preferably in the range of 1.35-3.50 wt % and more pref- Na,O up to 0.30 percent by weight;

erably in the range of 1.60-3.25 wt %. The compositions of
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Li,O 0.90 to 0.91 percent by weight, and
Fe,05 0.20 to 0.25 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 12 are as
follows:

RO 24.94 to 26.20 wit %
Si0,/Ca0 2.47 to 2.72
Si0,/RO 2.23 to 2.40
Si0,/ALO, 4.31 to 4.92
ALO,/CaO 0.55 to 0.59

Si0, + ALO, 71.55 to 73.03 wt %
Si0, - RO 3215 to 34.91 wt %
ALO,/RO 0.48 to 0.52

R20 + RO 25.84 to 27.10 wt %
(SO, + ALO,) 2.64 to 2.79

(R20 + RO)

The glass compositions of Table 12 have a log3 forming
temperature in the range of 1211° C. and to 1218° C., and a
AT in the range of 56 to 68° C.

The glass compositions of Table 13 from Table 13 have
the following ingredients in the following ranges:

Sio, 57.65 to 60.75 percent by weight;
AlLO; 12.00 to 13.40 percent by weight;
CaO 22.00 to 24.15 percent by weight;
MgO 1.70 to 3.12 percent by weight;
TiO, 0.50 to 1.50 percent by weight;
Na,O 0.45 to 0.90 percent by weight;
Li,O 0.45 to 1.00 percent by weight, and
Fe,05 up to 0.25 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 13 from Table
13 is as follows:

RO 24.25 to 26.70 wt %
Si0,/Ca0 2.39 to 2.72
Si0,/RO 2.16 to 2.51
Si0,/ALO, 4.30 to 4.92
ALO,/CaO 0.50 to 0.59

Si0, + ALO, 71.05 to 73.67 wt %
Si0, - RO 31.35 to 36.56 wt %
ALO,/RO 0.47 to 0.55

R20 + RO 24.91 to 27.90 wt %
(SO, + ALO,) 2.30 to 2.96

(R20 + RO)

The glass compositions have a log3 forming temperature
in the range of 1205 to 1240° C. and a AT are in the range
of 50 to 101° C.

The glass compositions listed on Table 13 and the glasses
within the scope of the embodiment of Table 13 have a
forming temperature in the range of 1205 to 1240° C. and a
delta T in the range of 50-100° C.; however the preferred
glass compositions from Table 13 are those that provide the
forming temperature range of 1205 to 1220° C. and more
preferably in the range of 1205-1218° C. more particularly
Examples 123,124,125,127-132, 147, 153, 155, 157, 160
and 161 with the appropriate delta T, e.g. 50° C. or greater.

The glass compositions of Examples 123,124,125,
127-132,147,153, 155, 157, 160 and 161 from Table 13
have the following ingredients in the following ranges:
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SiO, 57.65 to 60.33 percent by weight;
Al O, 12.22 to 13.40 percent by weight;
CaO 22.00 to 24.15 percent by weight;
MgO 2.30 to 3.40 percent by weight;
TiO, 0.50 to 1.50 percent by weight;
Na,O up to 0.45 percent by weight;
Li,O 0.45 to 1.00 percent by weight, and
Fe, 0, up to 0.25 percent by weight.

The ranges for the mathematical relationships of the
ingredients of Examples 123,124,125,127-132, 147, 153,
155, 157, 160 and 161 from Table 13 are as follows:

RO 24.84 10 26.70 wt %
$i0,/Ca0 2.39 to 2.72
Si0,/RO 2.16 to 2.42
S$i0,/ALO, 4.30 to 4.92
ALO,/Ca0 0.52 to 0.59

Si0, + ALO, 71.05 to 72.80 wt %
$i0, - RO 31.35 to0 35.37 wt %
ALOL/RO 0.47 to 0.52

R20 + RO 25.74 t0 27.60 wt %
(Si0, + ALO,)/ 2.30 to 2.81

(R20 + RO)

The glass compositions have a log3 forming temperature
in the range of 1205 to 1220° C. and in the range of 1205 to
1218° C., and a AT in the range of equal to and greater than
50° C. and equal to and less than 60° C.

The selection of the above examples is made based on the
low forming temperature. As can be appreciated, if a high
delta T is of interest then Examples 135-141, for example,
would be of interest because they have a delta T in the range
of 77-100° C.

The glass compositions of Examples 135-141 from Table
13 have the follow ingredients in the following ranges:

Sio, 59.55 to 60.57 percent by weight;
Al O, 12.25 to 13.10 percent by weight;
CaO 22.31 to 23.85 percent by weight;
MgO 1.70 to 3.10 percent by weight;
Na20 up to 0.30 percent by weight
TiO, 1.10 percent by weight, and

Li,O up to 0.60 percent by weight.

The ranges for the mathematical relationships of the
ingredients of Examples 135-141 from Table 13 is as
follows:

RO 24.01 to 25.95 wt %
$i0,/Ca0 2.50 to 2.71
Si0,/RO 2.29 to 2.52
Si0,/ALO;, 4.62 to 4.88
ALO,/Ca0 0.52 to 0.59

Si0, + ALO, 71.80 to 73.67 wt %
$i0, - RO 33.60 to 36.56 wt %
ALOL/RO 0.47 to 0.55

R20 + RO 24.91 to 26.85 wt %
(Si0, + ALO,)/ 2.67 to 2.96

(R20 + RO)

The glass compositions have a log3 forming temperature
in the range of 1234 to 1240° C., and a AT is in the range
of 61 to 100° C.
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Tables 14 and 15 (Type 4 Glasses) include glass compo-
sitions of a quaternary system that includes SiO, in the range
of 55-62 wt %, preferably in the range of 5661 wt % and
more preferable in the range of 57-60 wt %; AL,03 in the
range of 10-14 wt %, preferably in the range of 11-14 wt %
and more preferably in the range of 12-13.75 wt %; CaO in
the range of 21-26 wt %, preferable in the range of
21.5-25.00 wt % and more preferable in the range of
21.75-24.50 wt %, and MgO in the range of 1-3.25 wt %,
preferably in the range of 1.50-3.00 wt % and more pref-
erably in the range of 1.75-2.75 wt %. The compositions of
Tables 14 and 15 are boron free. The compositions of Tables
14 and 15 contemplate TiO, in the range of 0.25-1.75 wt %,
more likely in the range of 0.40-1.50 wt % and most likely
in the range of 0.45-1.25 wt %; Li,O in amounts in the range
of 0.25 to 1.25 wt %, preferably in the range of 0.30 to 1.10
wt %, and more preferably in the range of 0.40 to 1.00 wt %,
ZnO in amounts in the range of 0.25 to 1.25 wt %, preferably
in the range of 0.30 to 1.15 wt %, and more preferably in the
range of 0.40 to 1.10 wt %, and Fe,O; in the range of up to
0.50 wt %, preferably up to 0.35 wt % and more preferably
up to 0.30 wt %.

A glass composition having ingredients of Tables 14 and
15 within the above ranges and at least one of the following
relationships provides a glass composition having a forming
temperature below 1240° C. and a delta T of greater than 50°
C.:

Relationship Broad Range Preferred Range
RO (CaO + MgO) 24 to 28 wt % 25.25 to 27.00 wt %
Si0,/CaO 2.10 to 2.80 2.30 to 2.60
Si0,/RO 1.90 to 2.55 2.10 to 2.55
Si0,/Al,O5 3.70 to 5.00 4.20 to 5.00
Al,0,/Ca0O 0.45 to 0.65 0.50 to 0.60

SiO,+ Al,O;4 68 to 73.7 wt % 70.8 to 72 wt %
R,0 + RO 25 to 30 wt % 26.0 to 28 wt %
(Si0, + ALO3)/ 2.00 to 3.00 2.30 to 3.00

(R,0O + RO)

SiO, - RO 26.5 to 36.60 wt % 30.5 to 36.60 wt %
Al,O5/RO 0.40 to 0.60 0.46 to 0.53

The Type 4 Glasses are shown only to have Li,O;
therefore for Type 4 Glasses R20 is equal to the wt % of
Li,O.

As can be appreciated, each of the Tables 14 and 15
provides ranges for the ingredients and the relationships.
More particularly, the glass compositions of Tables 14 and
15 from Tables 14 and 15 have the following ingredients in
the following ranges:

SiO, 57.35 to 59.618.30 percent by weight;
Al,O, 12.16 to 13.63 percent by weight;
CaO 22.85 to 24.22 percent by weight;
MgO 1.90 to 2.55 percent by weight;

TiO, 0.50 to 1.10 percent by weight;

Li,O 0.45 to 0.90 percent by weight;

ZnO 0.45 to 1.00 percent by weight, and
Fe,0, up to 0.25 percent by weight.

in the range of 1195 to 1229° C., and a AT is in the range of
54 to 71° C. The ranges for the mathematical relationships
of the ingredients of the glass compositions of Tables 14 and
15 are found on Table 21 under the column entitled “Type 4
Glasses”. The glass compositions have a log3 forming
temperature.

The glass compositions of Table 14 from Table 14 have
the following ingredients in the following ranges:
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SiO, 58.00 to 58.30 percent by weight;
Al O, 13.03 to 13.33 percent by weight;
CaO 22.85 to 23.84 percent by weight;
MgO 2.50 to 2.55 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Li,O 0.90 percent by weight;

ZnO 1 .00 percent by weight, and

Fe, 0, up to 0.25 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 14 from Table
14 are as follows:

RO 25.40 t0 26.34 wt %
$i0,/Ca0 2.43 to 2.54
Si02/RO 2.20 to 2.29
Si0,/ALO;, 4.36 to 4.47
ALO,/Ca0 0.55 to 0.58

Si0, + ALO, 71.13 to 71.58 wt %
$i0, - RO 31.66 to 32.75 wt %
ALOL/RO 0.49 to 0.52

R20 + RO 26.30 to 27.24 wt %
(Si0, + ALO,)/ 2.61 to 2.71

(R20 + RO)

The glass compositions have a log3 forming temperature
in the range of 1204 to 1213° C., and a AT in the range of
56 to 71° C.

The glass compositions of Table 15 from Table 15 have
the following ingredients in the following ranges:

SiO, 57.35 to 59.61 percent by weight;
Al O, 12.16 to 13.63 percent by weight;
CaO 23.14 to 24.22 percent by weight;
MgO 1.90 to 2.55 percent by weight;
TiO, 0.50 to 1.10 percent by weight;
Li,O 0.45 to 0.90 percent by weight;
ZnO 0.45 to 1.00 percent by weight, and
Fe, 0, up to 0.25 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 15 from Table
15 are as follows:

RO 25.64 to 26.60 wt %
$i0,/Ca0 2.41 to 2.54
Si02/RO 2.18 to 2.29
Si0,/ALO;, 4.26 to 4.90
ALO,/Ca0 0.50 to 0.59

Si0, + ALO, 70.55 to 71.77 wt %
$i0, - RO 31.15 to 33.61 wt %
ALOL/RO 0.47 to 0.53

R20 + RO 26.45 to 27.50 wt %
(Si0, + ALO,)/ 2.60 to 2.71

(R20 + RO)

The glass compositions of Table 15 have a log3 forming
temperature in the range of 1195 to 1229° C., and a AT in the
range of 54 to 59° C.

Table 16 (Type 5 Glasses) include glass compositions of
a quaternary system that includes SiO, in the range of 55-62
wt %, preferably in the range of 56-61 wt % and more
preferable in the range of 58-60 wt %; Al,O; in the range
of 10-14 wt %, preferably in the range of 11.00-13.5 wt %
and more preferably in the range of 11.75-13.25 wt %; CaO
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in the range of 21-25 wt %, preferable in the range of
21.25-24.00 wt % and more preferable in the range of
21.25-23.00 wt %, and MgO in the range of 1-4.00 wt %,
preferably in the range of 1.25-3.50 wt % and more pref-
erably in the range of 1.50-3.50 wt %. The compositions of
Table 16 are boron free. The compositions of Table 16
contemplate TiO, in the range of 0.50-2.00 wt %, more
likely in the range of 0.50-1.50 wt % and more preferably
in the range of 0.75-1.25 wt %; Na,O in amounts in no
greater than 2.00 wt %; preferably no greater than 1.50 wt %,
and more preferably no greater than 1.25 wt %; ZnO in
amounts in the range of 0.50 to 3.00 wt %, preferably in the
range of 0.50 to 2.75 wt %, and more preferably in the range
of 0.75 to 2.50 wt %, and Fe,O; in the range of up to 0.50
wt %, preferably in the range of up to 0.35 wt % and more
preferably in the range of up to 0.30 wt %.

A glass composition having ingredients of Table 16 within
the above ranges and at least one of the following relation-
ships provides a glass composition having a forming tem-
perature below 1240° C. and a delta T of greater than 50° C.:

Relationship Broad Range Preferred Range
RO (CaO + MgO) 23 to 28 wt % 24.0 to 27.0 wt %
Si0,/CaO 2.10 to 2.80 2.30 to 2.80
SiO,/RO 1.90 to 2.55 2.10 to 2.55
Si0,/Al, 04 3.70 to 5.00 4.20 to 5.00
Al,0,/CaO 0.45 to 0.65 0.45 to 0.60

SiO, + Al,O; 66 to 73.7 wt % 70.8 to 73.7 wt %
R,0 + RO 25 to 28 wt % 26.0 to 27.0 wt %
(Si0, + ALOy)/ 2.00 to 3.00 2.30to 3.0

(R,0 + RO)

SiO, - RO 30 to 39 wt % 31.50 to 37 wt %
Al,O5/RO 0.40 to 0.60 0.46 0 0.53

Type 5 Glasses were considered having Na,O; therefore
R20 is equal to the sum of Na,O in wt %.

As can be appreciated, Table 16 provides ranges for the
ingredients and the relationships. More particularly, the
glass compositions of Table 16 from Table 16 have the
following ingredients in the following ranges:

Sio, 58.70 to 59.00 percent by weight;
AlLO; 11.90 to 12.00 percent by weight;
CaO 22.40 to 22.50 percent by weight;
MgO 3.40 percent by weight;

TiO, 1.00 percent by weight;

Na,O 0.90 percent by weight;

Zno 1.00 to 1.50 percent by weight, and
Fe,0, up to 0.20 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Table 18 from Table
16 are on Table 21 under the column entitled “Type 5
Glasses”. The glass compositions of Table 16 have a log3
forming temperature in the range of 1231 to 1234° C., and
a AT in the range of 50 to 59° C.

Tables 17 and 18 (Type 6 Glasses) include glass compo-
sitions of a quaternary system that includes SiO, in the range
of 50-62 wt %, preferably in the range of 52-61 wt % and
more preferable in the range of 53.50-60.25 wt %; Al,O; in
the range of 10-14 wt %, preferably in the range of
11.00-14.00 wt % and more preferably in the range of
11.90-13.75 wt %; CaO in the range of 21-26 wt %,
preferable in the range of 22.00-25.00 wt % and more
preferable in the range of 22.50-24.25 wt %, and MgO in the
range of 1-4.00 wt %, preferably in the range of 1.50-3.00
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wt % and more preferably in the range of 2.25-2.75 wt %.
The compositions of Tables 17 and 18 have B,O; in the
range of 0.50-5.00 wt %, preferably in the range of
0.50-4.00 and more preferably in the range of 0.75-3.25
wt %. The compositions of Tables 17 and 18 contemplate
further include TiO, in the range of 0.25-2.00 wt %, more
likely in the range of 0.35-1.50 wt % and most likely in the
range of 0.40-1.25 wt %; Na,O in amounts no greater than
1.00 wt %; preferably no greater than 0.90 wt %, and more
preferably no greater than 0.75 wt %; K,O in amounts no
greater than 0.50 wt %; preferably no greater than 0.35 wt %,
and more preferably no greater than 0.20 wt %; Li,O in
amounts in the range of 0.10 to 1.25 wt %, preferably in the
range of 0.20 to 1.10 wt %, and more preferably in the range
of 0.25 to 1.00 wt %, and Fe,O; in the range of 0.10-0.50
wt %, preferably in the range of 0.15-0.50 wt % and more
preferably in the range of 0.20-0.40 wt %.

A glass composition having ingredients of Tables 17 and
18 within the above ranges and at least one of the following
relationships provides a glass composition having a forming
temperature below 1240° C. and a delta T of greater than 50°
C.:

Relationship Broad Range Preferred Range
RO (CaO + MgO) 24 to 28 wt % 25.0 to 27.20 wt %
Si0,/CaO 2.10 to 2.80 2.20 to 2.70
Si0,/RO 1.90 to 2.55 1.90 to 2.40
Si0,/Al, 05 3.50 to 5.00 4.00 to 5.00
Al,0,/CaO 0.50 to 0.60 0.50 to 0.60

66 to 73.7 wt %
25 to 32 wt %
2.00 to 3.25

67 to 72.1 wt %
26.50 to 32 wt %
2.30 to 3.00

Si0, + ALO,
R,0 + RO + B,O,
(Si0, + ALOy)/
(R,O + RO + B,0,)
Si0, - RO
ALOL/RO

26.5 to 36.6 wt %
0.40 to 0.60

27 to 36.6 wt %
0.46 to 0.56

Type 6 Glasses of Tables 17 and 18 included Li,0O, K,O
and Na,O: therefore R20 is equal to the sum in wt % of
Li,0, K,0 and Na,O. Individual Table 17 includes Li,O and
Na,O; therefore R20 for Table 17 is equal to the sum in
wt % of Li,O and Na,O. Individual Table 18 includes Li,O,
K,O and Na,O; therefore R20 for Table 18 is equal to the
sum in wt % of Li,O, K,O and Na,O.

As can be appreciated, Tables 17 and 18 provide ranges
for the ingredients and the relationships. More particularly,
the glass compositions of Tables 17 and 18 have the fol-
lowing ingredients in the following ranges:

SiO, 54.60 to 59.53 percent by weight;
Al O, 12.16 to 13.63 percent by weight;
CaO 22.87 to 24.05 percent by weight;
MgO 2.00 to 2.55 percent by weight;
TiO, 0.49 to 1.10 percent by weight;
Na,O 0 to 0.60 percent by weight;

K,0 0 to 0.10 percent by weight;

Li,O 0.30 to 0.91 percent by weight;
Fe, 0, 0.23 to 0.30 percent by weight, and
B,O; 0.90 to 3.00 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Tables 17 and 18 are
on Table 21 under the column entitled “Type 6 Glasses”. The
glass compositions of Table 17 and 18 have a log3 forming
temperature in the range of 1187 to 1239° C., and a AT in the
range of 50 to 142° C.

The glass compositions of Table 17 have the following
ingredients in the following ranges:
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Sio, 57.60 to 58.50 percent by weight;
AlLO; 12.76 to 13.43 percent by weight;
CaO 23.40 to 23.84 percent by weight;
MgO 2.50 percent by weight;

TiO, 0.50 percent by weight;

Na,O up to 0.60 percent by weight;
Li,O 0.90 percent by weight;

Fe,05 0.23 percent by weight, and
B,O; 1.00 to 1.20 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Tables 17 are as
follows:

RO 25.90 to 26.34 wt %
Si0,/Ca0 2.42 to 2.48
Si0,/RO 2.19 to 2.24
Si0,/ALO, 4.30 to 4.47
ALO,/CaO 0.54 to 0.57
Si0, + ALO, 70.83 to 71.47 wt %
Si0, - RO 31.26 to 32.39 wt %
ALO,/RO 0.49 to 0.52
R20 + RO + B,0, 27.80 to 28.44 wit %
(S0, + ALO,) 2.49 to 2.57

(R20 + RO + B,O,)

Type 6 Glasses of Table 17 included Li,O, K,O and
Na,O; therefore R20 is equal to the sum in wt % of Li,O,
K,O and Na,O.

The glass compositions of Table 17 have a log3 forming
temperature in the range of 1192 to 1198° C., and a AT in the
range of 55 to 63° C.

The glass compositions of Table 18 have the following
ingredients in the following ranges:

Sio, 54.60 to 59.53 percent by weight;
AlLO; 12.16 to 13.63 percent by weight;
CaO 22.93 to 24.05 percent by weight;
MgO 2.00 to 2.55 percent by weight;
TiO, 0.49 to 1.10 percent by weight;
Na,O up to 0.60 percent by weight;

K,0 up to 0.10 percent by weight;

Li,O 0.30 to 0.91 percent by weight;
Fe,05 0.23 to 0.35 percent by weight, and
B,O; 0.60 to 3.00 percent by weight.

The ranges for the mathematical relationships of the
ingredients of the glass compositions of Tables 17 are as
follows:

RO 25.80 to 26.60 wit %
Si0,/Ca0 2.22 to 2.66
Si0,/RO 2.01 to 2.39
Si0,/ALO, 4.00 to 4.90
ALO,/CaO 0.51 to 0.59
Si0,/ALO, 67.95 to 72.05 wt %
Si0, - RO 27.50 to 33.84 wt %
ALO,/RO 0.46 to 0.53
R20 + RO + B,0, 26.70 to 31.10 wt %
(S0, + ALO,) 2.18 to 2.68

(R20 + RO + B,O,)

The glass compositions of Table 18 have a log3 forming
temperature in the range of 1187 to 1239° C., and a AT in the
range of 50 to 42° C.

The glass compositions listed on Table 18 and the glasses
within the scope of the embodiment of Table 18 have a
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forming temperature in the range of 1187 to 1239° C. and a
delta T in the range of 50-142° C.; however the preferred
glass compositions from Table 18 are those that provide the
forming temperature range 1187 to 1220° C. (Examples
188-213, 215-229, 213-235, 238-240, 242-260 and
262-267) and more preferably in the range of 1187-1205°
C. (Examples 188-191, 194, 195, 198, 200, 201, 202-205,
208, 209, 211-213, 215-219, 221-223, 225-229, 233-235,
239, 242, 257 and 260).

A glass composition having the ingredients in the ranges
mentioned above for Table 18 and having the following
relationships will provide glass compositions having a log3
forming temperature in the range of 1187 to 1220° C., and
a AT is in the range of 50 to 139° C.:

RO 25.80 to 26.60 wt %
$i0,/Ca0 2.22 to 2.66
Si0,/RO 2.01 to 2.39
S$i0,/ALO, 4.00 to 4.87
ALO,/Ca0 0.51 to 0.59
Si0, + ALO, 67.95 to 72.05 wt %
$i0, - RO 27.50 to 33.84 wt %
ALOL/RO 0.46 to 0.53
R20 + RO + B,O, 26.70 to 31.10 wt %
(Si0, + ALO,)/ 2.18 to 2.68

(R20 + RO + B,0,)

The glass compositions from Table 18 having a log3
forming temperature in the range of 1187 to 1205° C., and
a AT in the range of 50 to 124° C. have the following
ingredients and the following ranges:

Sio, 57.60 to 59.21 percent by weight;
Al O, 12.16 to 13.63 percent by weight;
CaO 22.87 to 24.06 percent by weight;
MgO 2.36 to 2.50 percent by weight;
TiO, 0.49 to 1.10 percent by weight;
Na,O up to 0.30 percent by weight;

K,0 up to 0.09 percent by weight;

Li,O 0.70 to 0.90 percent by weight;
Fe,0, 0.23 to 0.29 percent by weight, and
B,O; 1.00 to 1.20 percent by weight;

And the following relationships:

RO 25.23 to 26.54 wt %
$i0,/Ca0 2.40 to 2.57
Si0,/RO 217 to 2.32
Si0,/ALO;, 4.26 to 4.87
ALO,/Ca0 0.52 to 0.59
Si0, + ALO, 70.63 to 71.73 wt %
$i0, - RO 31.06 to 33.61 wt %
ALOL/RO 0.47 to 0.53
R20 + RO + B,O, 27.23 to 28.64 wt %
(Si0, + ALO,)/ 2.47 to 2.63

(R20 + RO + B,05)

The selection of these examples is made based on the low
forming temperature. Further examples 266-268 are glass
compositions that have a low forming temperature with 0.30
wt % Li,O. Examples 265-268 define a range of ingredients
and relationship of the ingredients to provide a low Li,O
containing glass with low forming temperature. As can be
appreciated and as previously discussed, if a high delta T is
of interest then Examples from Table 18 have a high delta T,
e.g. above 75° C. may be selected to define glass composi-
tions.
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Table 19 (Type 7 Misc. Glasses) includes glass compo-
sitions of a quaternary system that includes SiO, in the range
of 56-60 wt %, preferably in the range of 57-59 wt % and
more preferable in the range of 57.50-59 wt %; Al,O5 in the
range of 10-14 wt %, preferably in the range of 11.00-14.00
wt % and more preferably in the range of 11.50-14.00 wt %;
CaO in the range of 21-25 wt %, preferable in the range of
22.00-24.00 wt % and more preferable in the range of
22.50-24.00 wt %, and MgO in the range of 2.004.00 wt %,
preferably in the range of 2.00-3.00 wt % and more pref-
erably in the range of 2.25-2.75 wt %. The compositions of
Table 19 include B,O, in the range of 0-1.50 wt %,
preferably in the range of 0—1.25 wt % and more preferably
in the range of 0-1.10 wt %. The compositions of Table 19
contemplates further includes TiO, in the range of 0.25-1.50
wt %, more likely preferably in the range of 0.25-1.35 wt %
and most likely in the range of 0.40-1.25 wt %; Na,O in
amounts no greater than 1.25 wt %; preferably no greater
than 1.10 wt %, and more preferably no greater than 1.00
wt % o; ZnO in amounts no greater than 0.50 wt %;
preferably no greater than 0.40 wt %, and more preferably
no greater than 0.35 wt %; MnO in amounts no greater than
4.00 wt %; preferably no greater than 3.50 wt %, and more
preferably no greater than 3.25 wt %; MnO,, in amounts no
greater than 4.00 wt %; preferably no greater than 3.50 wt %,
and more preferably no greater than 3.25 wt %, and Fe,O
in the range of 0.10-0.50 wt %, preferably in the range of
0.15-0.50 wt % and more preferably in the range of
0.20-0.40 wt %.

A glass composition having ingredients of Tables 19
within the above ranges and at least one of the following
relationships provides a glass composition having a forming
temperature below 1240° C. and a delta T of greater than 50°
C.:

Relationship Broad Range Preferred Range

RO (CaO + MgO) 24 to 27 wt % 25.00 to 26.50 wt %
Si0,/CaO 2.10 to 2.80 2.20 to 2.70
Si0,/RO 1.90 to 2.55 1.90 to 2.40
Si0,/Al,O5 3.70 to 5.00 3.70 to 4.90
Al,0,/Ca0O 0.45 to 0.65 0.55 to 0.60

Si0, + ALO,

R,0 + RO + B,O,
(Si0, + ALOy)/
(R,O + RO + B,0,)
Si0, - RO
ALOL/RO

66 to 73.7 wt %
25 to 28 wt %
2.00 to 3.00

66 to 72.1 wt %
25.75 to 27.50 wt %
2.00 to 2.75

26.50 to 36.6 wt %
0.40 to 0.60

26.5 to 34.00 wt %
0.46 to 0.56

The Misc. Glasses included Li,O and Na,O; therefore R20
is equal to the sum in wt % of Li,O and Na,O.

Table 19 provides the following ranges for the following
ingredients:
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RO 25.23 to 26.00 wt %
$i0,/Ca0 2.49 to 2.54
Si0,/RO 2.25 to 2.29
Si0,/ALO;, 4.40 to 4.90
ALO,/Ca0 0.52 to 0.57
Si0, + ALO, 69.52 to 72.05 wt %
$i0, - RO 32.40 to 32.70 wt %
ALOL/RO 0.47 to 0.51
R20 + RO + B,O, 26.10 to 27.30 wt %
(Si0, + ALO,)/ 2.59 to 2.74

(R20 + RO + B,0,)

The glass compositions have a log3 forming temperature of
in the range of 1219 to 1241° C., and a AT in the range of
52 to 76° C.

Table 20 (Production Glasses) Table 20 is a representation
of commercial glasses having embodiments of the invention
similar to the embodiment of the glass compositions of Table
4. The glass compositions are of a quaternary system that
includes SiO, in the range of 55.97-57.07 wt %; Al,O; in
the range of 12.68-12.86 wt %; CaO in the range of
23.91-24.69 wt % and MgO in the range of 2.42-2.60 wt %.
The compositions of Table 20 include B,O; in the range of
1.15-1.70 wt %; TiO, in the range of 0.94-1.09 wt %; Na,O
in the range of 0.87-0.93 wt %; K20 in the range of greater
than 0.050-0.070 wt %; SrO in the range of 0.040-0.050
wt %; Cr,0; in the range of 0.002-0.008 wt %; SO, in the
range of 0.018-0.032 wt %, and Fe,O; in the range of
0.255-0.278 wt %.

A glass composition having ingredients of Tables 20
within the above ranges and at least one of the following
relationships provides a glass composition having a forming
temperature in the range of 1203-1217° C. and a delta T in
the range of 55-83° C. Several of the glass compositions do
not have the forming and liquidus temperatures, and the
delta T. The glass compositions without the temperatures
and delta T were glass compositions made between glass
compositions whose forming temperature, liquidus tempera-
ture and delta T were measured. As indicated by the position
on the Table which is in general in chronological order, it is
expected that the glass compositions not measured would
have temperature performances similar to those that were
measured. The mathematical relationships of the ingredients
of the glass compositions on Table 20 are listed on Table 22
in the column entitled “Production Glasses (contain boron)”.
The R20 from the listed Production Glasses is equal to the
sum in wt % of Li,O and Na,O.

As can now be appreciated, a range for each of the
ingredients of the glass compositions of Types 1 and 2
glasses (Tables 2—11) can be determined from Tables. More
particularly, Tables 1 and 2 provide a quaternary system
including SiO,, Al,O5, CaO and MgO and the ingredients of
the glass having the relationship as shown in Table 22 under

Sio, 57.72 to 58.70 percent by weight; 55 > "
ALO, 11.88 to 13.35 percent by weight; the column entitled “Types 1 & 2 Glasses™. Types 1 & 2
CaO 22.80 to 23.50 percent by weight; Glasses included K,O and Na,O; therefore R20 is equal to
MgO 2.43 to 2.50 percent by weight; the sum in wt % of K,0 and Na,O.
TiO, 0.50 to 1.10 percent by weight; L . ) ) )
Na,0, 0.87-0.90 percent by weight; The glass compositions having the following ingredients
Li20 0 to 0.30 percent by weight; 60 in the following ranges has a log3 forming temperature in
Zn0O 0 to 0.30 percent by weight; the range of 1167 to 1240° C. and a AT in the range of 50
Fe,05 0.22-0.25 percent by weight; to 100° C.:
MnO 0.30 to 3.00 percent by weight; -
MnO, 0 to 3.00 percent by weight, and
B,O, 0 to 1.00 percent by weight.
65 SiO, 53.00. to 59.05 percent by weight;
The relationships for the ingredients of the glass compo- ALO, 12.20 to 14.00 percent by weight;

sitions on Table 19 are as follows:
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-continued
CaO 22.25 to 24.95 percent by weight, and
MgO 1.50 to 3.00 percent by weight, and

composition may further include:

TiO, 0.50 to 1.10 percent by weight;
Na,O 0.45 to 0.90 percent by weight;
K,0 0 to 0.58 percent by weight;
Fe,0, 0 to 0.50 percent by weight, and
B,O; 0 to 5.02 percent by weight.

Further as can be appreciated, a range for each of the
ingredients for Type 3-6 glasses on Tables 12—19 can be
determined by selecting the lowest and highest values to
define the range for an ingredient and/or relationship on
Tables 12—-19. More particularly Tables 12—19 provide glass
compositions having a quaternary system including SiO,,
AL,O;, CaO and MgO with the ingredients of the glass
having the relationship shown on Table 22 under the column
entitled “Types 3—-6 Glasses”. Types 3—6 Glasses included
Li,0, K,O and Na,O; therefore R20 is equal to the sum in
wt % of Li,O, K,O and Na,O.

The glass composition having the following ingredients in
the following ranges has a log3 forming temperature in the
range of 1187 to 1240° C. and a delta T in the range of 50
to 142° C.:

SiO, 54.60 to 60.75 percent by weight;
Al,O, 11.90 to 13.64 percent by weight;
CaO 22.00 to 24.22 percent by weight, and
MgO 1.90 to 3.40 percent by weight, and

the composition may further include:

TiO, 0.49 to 1.50 percent by weight;
Na,O 0 to 0.90 percent by weight;
K,0 0 to 0.10 percent by weight;
ZnO 0.45 to 1.50 percent by weight;
Li20 0.30 to 1.00 percent by weight;
Fe,0, 0 to 0.35 percent by weight, and
B,O; 0 to 3.00 percent by weight.

Still further as can be appreciated, a range for each of the
ingredients for boron free glasses: Type 1 Glasses (Table 2),
Type 3 Glasses (Tables 12 and 13); Type 4 Glasses (Tables
14 and 15); Type 5 Glasses (Table 16) and their relationship
can be determined from Tables 2 and 12-16. More
particularly, Tables 2 and 12-16 glass compositions having
a quaternary system including SiO,, Al,O5, CaO and MgO
with the ingredients of the glass having the relationship
shown on Table 22 under the column entitled “Types 1 &3-5
Glasses”. Types 1 & 3-5 Glasses included Li,O and Na,O;
therefore R20 is equal to the sum in wt % of Li,O and
Na,O. Further Types 1 3&5 Glasses are boron free, therefore
the formula “R20+R0O+B,0;” becomes “R20+RO”.

The glass compositions having the following ingredients
in the following ranges has a log3 forming temperature in
the range of 1195 to 1240° C. and a delta T in the range of
50 to 100° C.:
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SiO, 57.45 to 60.75 percent by weight;
Al O, 12.00 to 13.68 percent by weight;
CaO 22.00 to 24.50 percent by weight;
MgO 1.70 to 3.10 percent by weight, and

the composition may further include:

TiO, 0.50 to 1.50 percent by weight;
Na,O 0 to 0.91 percent by weight;
ZnO 0 to 1.00 percent by weight;
Li20 0 to 1.00 percent by weight, and
Fe, 0, 0 to 0.35 percent by weight.

Still further as can be appreciated, a range for each of the
ingredients for boron containing: Type 2 Glasses (Tables
3-11) and Type 6 Glasses (Tables 17 and 18) and their
relationship can be determined from Tables 3—11,17 and 18.
More particularly, Tables 3—11, 17 and 18 glass composi-
tions having a boron containing (for example up to 5.05

bx;1wt %) quaternary system including SiO,, Al,O5, CaO
and MgO with the ingredients of the glass having the
relationship shown on Table 22 under the column entitled
“Types 2 & 6 Glasses”. Types 2& 6 Glasses included Li,O,
K,O and Na,O; therefore R20 is equal to the sum in wt %
of Li,0, K,O and Na,O.

The glass compositions having the following ingredients
in the following ranges has a log3 forming temperature in
the range of 1167 to 1240° C. and a delta T in the range of
50 to 142° C.:

SiO, 53.00 to 59.53 percent by weight;

Al O, 12.00 to 14.00 percent by weight;
CaO 22.25 to 24.95 percent by weight, and
MgO 1.50 to 3.00 percent by weight, and

the composition may further include:

TiO, 0.40 to 1.10 percent by weight;
Na,O 0 to 0.90 percent by weight;
K,0 0 to 0.30 weifht percent;

F 0 to 0.50 percent by weight;

SO 0 to 0.13 percent by weight;
Cr203 0 to 0.13 percent by weight;
Li20 0 to 0.91 percent by weight, and
Fe,0, 0 to 0.30 percent by weight.

It will be appreciated by those skilled in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
For example, but not limiting thereto, one, two, three or
more or all of the formulas discussed above setting forth the
mathematical relationship of the ingredients may be used to
identify properties of a glass composition. Based on the
description of the embodiments of the invention, it can be
appreciated that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifi-
cations that are within the spirit and scope of the invention,
as defined by the appended claims.
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What is claimed is:
1. A glass composition comprising:

Sio, 55 to 58 percent by weight;
AlLO; 12 to 16 percent by weight;
CaO 23 to 26 percent by weight;
MgO 2.5 to 3 percent by weight;
TiO, 0.5 to 2 percent by weight;
Na,O 0 to 1 percent by weight;
K,0 0 to 1 percent by weight;
Na,O + K,O 0 to 2 percent by weight;
Fe,05 0.1 to 0.5 percent by weight;
B,O; 1 to 2 percent by weight;

wherein the glass composition has a log 3 forming tempera-
ture no greater than 1230° C. based on NIST 710A reference
standard, and the difference between the log3 forming
temperature and the liquidus temperature is at least 50° C.

2. The glass composition according to claim 1, wherein
the TiO, content is 0.5 to 1.5 percent by weight.

3. The glass composition according to claim 1, wherein
the glass composition has a B,O; content of 1.3 to 2 percent
by weight.

4. The glass composition according to claim 1, wherein
the Fe,O5 content is 0.2 to 0.4 percent by weight.

5. The glass composition according to claim 1, wherein
the ratio of SiO, to (CaO+MgO) is no greater than 2.2.

6. The glass composition according to claim 1, wherein
the ratio of SiO, to (CaO+MgO) is from 2.0 to 2.2.

7. The glass composition according to claim 1, wherein
(Na,0+K,0) is no greater than about 1.03 percent by
weight.

8. The glass composition according to claim 1, wherein
(Na,0+K,0) is no greater than 1 percent by weight.

9. The glass composition according to claim 1, wherein
(Na,0+K,0+Li,0) is no greater about 1.03 percent by
weight.

10. The glass composition according to claim 1, wherein
(Na,0+K,0+Li,0) is no greater than 1 percent by weight.

11. The glass composition according to claim 1, wherein
the glass composition has a forming temperature of no
greater than 1220° C. based on an NIST 714 reference
standard.

12. The glass composition according to claim 1, wherein
the difference between the log3 forming temperature and the
liquidus temperature is at least 60° C.
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13. The glass composition according to claim 11, wherein
the difference between the log3 forming temperature and the
liquidus temperature is at least 60° C.

14. A glass composition comprising:

SiO, 55 to 58 percent by weight;
Al O, 12 to 16 percent by weight;
CaO 23 to 26 percent by weight;
MgO 2.5 to 3 percent by weight;
TiO, 0.5 to 2 percent by weight;
Na,O 0 to 1 percent by weight;
K,0 0 to 1 percent by weight;
Na,O + K,O 0 to 2 percent by weight;
Fe, 0, 0.1 to 0.5 percent by weight;
B,O; 1.3 to 2 percent by weight

wherein the glass composition has a log 3 forming tempera-
ture no greater than 1230° C. based on NIST 710A reference
standard, and the difference between the log3 forming
temperature and the liquidus temperature is at least 50° C.

15. A glass composition comprising:

SiO, 55 to 58 percent by weight;
Al O, 12 to 16 percent by weight;
CaO 23 to 26 percent by weight;
MgO 2.5 to 3 percent by weight;
TiO, 0.5 to 1.5 percent by weight;
Na,O 0 to 1 percent by weight;
K,0 0 to 1 percent by weight;
Na,O + K,O 0 to 2 percent by weight;
Fe,O, 0.1 to 0.5 percent by weight;
B,O; 1.3 to 2 percent by weight

wherein the glass composition has a log 3 forming tempera-
ture no greater than 1220° C. based on NIST 710A reference
standard, and the difference between the log3 forming
temperature and the liquidus temperature is at least 60° C.
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Componenis {wi%) A B C b E F _G
510; 5560 56.45 $5,70 57.60 56.35 56.70 57.85
A0, - 13.58 132 13.94 — 1235 13.45 1367 12.55
() 24.76 24.7 24.80 ~24.40 2465 2387 24.95
{MgQ 80 2.55 255 2.55 255 2.62 2.55
TiO; 3.55 055 055 0.55 0.55 0.34 0.05
Na,0 ) 45 0.45 0.45 45 D 45 0.49 ) 45
R0 58 0.45 0.45 .45 0.45 0.51 .45
Fe 0, 38 0.25 0.25 .25 .2 0.35 .35
B20, 30 1.30 1.30 30 1.30 — 150 .30
l’ﬁo (Ca0 + MgO) 27.56 27.30 27.35 2695 21.20 2649 _ 27.00
l_s_.o:/c:ao 225 2728__- 225 2.36 2.29 38 2.37
S/O./RO 202 207 2.04 - 214 _ 2.07 —214 2.3
SIOALT, 408 | 426 3,00 4.66 3.19 ~4.15 4.61
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Log3 FT.°C 1213 1220 1220 1221 1221 1216 1219
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Defta 1, °C__- 54 60 55 57 65 58 52
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Examples
Componenis (wi%) 7 8 -] 10 11 12
Si0, §6.00 56.4 56.35 56 65 56.20 56.50
Al.D, . 13 60 13.4 13 60 13.05 13.60 13.20
Ca0 24.25 25.05 23.85 23.50 24.05 23.50
MgO 2.50 2.50 255 2.55 2.50 2.55
TiO, 1 050 0450 0.50 1.10 050 1.10
N30 0.90 0.0 0.90 0.90 .90 0.90
Fe;0, 0.25 0.25 0.25 0.25- 0.25 0.25
B.0, 2.00 2.00 2.00 2.00 2.00 200
RO (Ca0 + Mg0) 26.75 26.55 26.40 26.05 26.55 26.05
$10,/Ca0 2.31 2.35 2.36 241 2.34 2.40
SIOJRO . - 209 2.12 2.13 217 2.12 2.17
SI0JALO3 .12 4.21 4.14 4.34 4.13 428
ALOYCaO 0.56 0.56 0.57 0.56 _0.57 0.56
SiQ; + AL.O, 69.60 69.80 69.95 69.70- 63.80 69.70
R20+R0O+B.:0, -4 2965 2945 2930 28.95 29.45 28.95
{Si+A//(R20+RO+B) 2.35 2.37 2.39 2.41 2.37 2.4)
Si0, - RO 2925 29.85 29.95 30.60 29.65 30.45
ALOJRO 0.51 050 0.52 050 | 051 051
Log3 FT, °C 1213 1216 1218 1218 1219 1220
| Liquidus T. °C 1136 1143 1138 1131 1136 1133
Delta Y, °C 59 56 62 69 65 69
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Examples i

Components (wi%) 13 14 15 16 17 18 19 20 21 22
| S10; 56.25 56.45 56.75 56 50 56.75 575 56 75 572.75 57.75 57.75
ALO; - 13.2 13.20 13.20 3.20 13.20 12.2 13.2 12.2 122 12.2
Ca0 24.25 24.25 23.95 24.00 23.75 | 24 - 2395 2375 23.75 23.95
MgO 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.8
TIO, 1.10 1.10 1.10 1.10 1.10 1.10 1.10 110~ 110 1.1
Na,O 0.50 0.90 0.90 0.90 0.90 0.90 0.90 0.0 0.90 0.9(
Fe.0, 0.25 025 | 025 0.25 0.25 0.25 0.25 0.25 0.25 0.2
8,0, 1.30 1.30 1.30 1.30 1.40 1.30 120 140 1.30 140
RO (Ca0 + MgO) 26.80 26.80 26.50 26.55 2630 |- 26.55 26.50 26.30 26.30 26.50
Si0,/ICa0 2.32 233 _2.37 _2.35 238 1 240 2.37 243 243 241
| Si0JRO 2.10 2.11 2.14 2.1: 2.16 2.17 2.14 2.20 2.20 2.18
| Si0JALO, 4.26 4.28 4.30 4.2 4.30 4.71 4.30 4.73 4.73 4.73
ALO,ICa0 0.54 _0.54 0.55 0.55 0.56 - 0.51 0.55 0.51 0.51 0.51
Si0. + ALO, 69 45 £9.65 69.95 68.70 69.95 68.70 69.95 69.95 69.95 69.95
R20+R0O+8,0, 29.00 29.00 28.70 28.75 28.60 28.75 28.60 28 60 28.50 2880
(Si+ALI(R2Z0+R0O+B) 2.39 - 2.40 244 2.42 245 242 2.45 245 2.45 243

S0, - RO 2945 29.65 3025 |- 2995 3045 30.95 30.25 31.45 31.45 31.25
ALOYRO 0.49 0.49 0.50 0.50 0.50 0.46 0.50 0.46 .46 046
Log3 FT.*C 1210 1214 1215 12215 1215 1216 1216 1217 1217 1218
Liquidus T, *C 1154 I 1159 1154 1154 1160 1152 1147 1151 1147 1155
Delta T, °C 56 55 &1 61 55 64 69 66 _ 70 63
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Table 5 — Type 2 Glasses

Examples

Companents (wi%) 23 24 25 26 27 28 29 30 31 32
S10, 55.40 55 40 55.19 5540 56.05 5585 56.00 55.90 55.40 55.19 |
ALO, 13.60 .60 3.59 13.60 13.10 1338 337 13.37 13.80 13.59
Cal 24.50 24.50 24.55 24.50 24.55 2467 24.53 24.63 24.50 24.55
MgO 2.95 2.95 286 2.95 2.75 2.55 2.55 2.55 2.75 2.86
T10; R A0 .10 1.10 1.10 .10 10 1.10 10 1.10
Na-O 0.4 0.45 .45 0.45 0.45 0.45 0.4 0.45 0.45 0 45
K0 0.4 0.45 .58 a.45 0.45 0.45 0.4 _0.45 0.45 0.58
Fe.Q, 0.25 0.25 0,38 0.25 0.25 0.25 0.2 .25 _0.25 0.38
B;0, 1.30 1.30 1.30 1.30 1.30 1.30 30 1.30 1.30 - 1.30
RO (CaO + MgO) 27.45 27.45 27.4% 27.45 27.30 27.22 27.08 27.18 27.25 27.41
{S104Ca0 226 2.26 2.25 226 2.28 226 2.28 2.27 2.26 2.25
SiQ,/RO 202 2.02 2.01 202 205 2.05 207 2.06 2.03 2.01
1SI0/ALO, 4.07 4.07 4.06 407 4.28 4.17 4.19 - 4.18 4.01 406
ALOYCa0 0.56 0.56 0.55 . 0.56 0.53 0.54 0.55 0.54 0.56 055
Si0; + ALO, 6§9.00 69.00 68.78 69.00 69.15 69.23 69.37 _69.27 69.20 68.78
R20+RO+B;0, 29.65 29.65 29.74 29.65 29.50 2942 29.28 20.38 28.45 2974
(SI+AIYIRZO+RO+B) 2.33 2.33 231 2.33 2.34 2.35 237 2.36 2.35 2N
150; - RO 2795 27.95 27.78 27.95 28.75 28.63 28.92 28.72 28.15 2778
ALOLRO 0.50 0.50 - 0.50 0.50 0.48 0.49 0.49 0.43 0.51 0.50
Log3 FT, °C 1210 1211 1216 1217 1218 1220 1221 1221 1221 1222
LguidusT.‘C 1157 1151 1154 1167 1156 1148 1157 1142 1167 1154
DOefta T, °C 53 60 62 -|. S6 62 72 64 79 54 63
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Table 6 — Type 2 Glasses

Examples .
Components (wi%) 33 34 35 36 37 38 39 40 41 42
Si0, 56 60 56.50 56.50 §5.95 57.60 56.50 56.45 56.50 §6.55 56 15
ﬂlg, . 13.25 345 13.45 13.95 2.35 1349 348 13.45 13 35 13.35
Ca0 24.60 24.50 24,50 24.55 24.40 24.46 24.52 24.50 24.55 24.85
0 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55 2.55
Ti0, D.55 0.55 0.55 - .55 0.55 0.55 0.55 0.55 .55 .58
Na.O .90 0.90 D.90 .90 0.90 0.90 .90 0.90 .90 .90
Fe,O 0.25 0.25 0.25 .25 0.35 0.25 25 0.25 .2 0.25
B;0, 1.30 1.30 1.30 30 1.30 1.30 1.30 1.30 1.3 1.30
RO (Ca0 + Ma0) 27.15 27.05 27.05 27.10 26.95 27.01 27.07 27.05 27.10 27.50
Si0/Ca0 .30 2.3 231 228 2.36 .31 2.30 2.31 2.30 225
SIOJ/RO .08 2.09 2.09 2.06 2.14 - 2.09 2.09 2.09 2.08 2.04 .
Si10,/A1.0, 4.27 4.20 4.20 4.01 4.66 4.19 4.19 4.20 4.24 421
ALOYCal 0.54 0.55 0.55 0.57 0.51 0.55 0.55 0.55 0.54 0.54
S10; + ALO 69.85 £9.95 69 95 69.90 68.95 £9.99 69.93 69.95 69.90 69.50
R20+RO+B.0, 29.35 29.25- 29.25 -29.30 29.15 29.21 29.27 29.25 29.30 29.70
(Si+Al/(R20-RO+B) 238 2.38 2.39 2.39 240 _ 240 2.39 2.39 2.39 2.34
Si0; - RO 29.45 29.45 28.45 28.85 30.65 23.49 29.38 29.45 29.45 28.65
ALOYRQ 0.49 0.50 0.50 0.51 0.46 0.50 0.50 _0.50 0.49 0.49
Log3 FT. °C 1211 1212 1215 1216 1216 1218 1219 1220 1220 1220
Liquidus T, °C 1153 1158 1157 1162 1164 1161. 1158 1160 1155 1154
Delta T, °C 58 54 58 54 52 57 61 60 65 66




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 7 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 6, add Table 7 .

Table 7 — Type 2 Glasses

[ Examples ’
{Companents {wi%} 43 FE 45 46 47 48 49 50 51 52
1 S0, 55 50 55,25 §5.25 55.5 §5.00 55.78 5575 5575 56.00 56.15
[ALO, 13.20 320 13.30 13.30 13 20 3.30 13.20 13.20 13.30 3.05
|ca0 23.50 23.75 24.20 2395 24.00 23.70 23.25 23.25 23.45 2300 ]
MaO 2.55 2.55 .55 2.55 2.55 2.55 2.55 2.55 2.55 2.55
TiO. 1.10 1.10 0.55 0.55 .10 .55 .10 1.10 0.55 1.10
Na.O 0.80 0.90- 0.90 ).90 .90 90 - .90 0.90 0.90 0.90
Fe,0, 0.2 0.25 D.25 0.25 .25 .25 .25 0.25 0.25 0.25
8,0, 3.00 3.00 3 00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
RO (Ca0 + Mqg0) 26.05 26.30 ~26.7 26 50 26.55 26.25 25.80 25.80 26.00 25.55
$i0;/Ca0 2.36 2.33 2.28 232 2.29 ~2.35 2.40 2.40 2.39 2.449
S10-/RO 2.13 2.1 207 - 2.09 2.07 2,12 2.16 2.16 2.15 2.20
SI0JALD; 420 EXT 415 417 4.7 418 422 422_| 43 4.30
IALO,ICa0 0.56 0.56 0.5 0.56 055 0.56 057 | 057 0.57 0.57
SiD. + A0, 68.70 68.45 68.55 68.80 68.2 69.05 68.95 68.95 69.30 69.20
RZO*RO*BwO; -3 29.95 30.20 30.65 30.40 30.4 30.15 29.70 29.70 29.90 2845
(Si+AlJ{{R20+RO+8) 2.28 227- | 224 2.26 2.24 2.29 2.32 2.32 2.32 2.35
Si0, - RO 29.45 28.95 28.50 29.00 28.45 29.50 29.95 29.95 30.00 30.60
ALOVYRO 0.51 0.50 0.50 0.50 0.50 0.51 0.51 “0.51 0.51 0.51
Log3d €T, °C 1193 1198 1198 1200 1201 1201 1204 1204 1207 1212
Liguidus T, “C 1129 1122 1128 - 1129 1127 1127 1127 1123 1127 1122
Qelta T, °C 64 76 70 - 71 74 74 77 81 80 90




UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2
APPLICATION NO. : 10/164468

DATED : November 8, 2005
INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is

hereby corrected as shown below:

At the end of Table 7 , add Table 8 .

Table 8 — Type 2 Glasses

Page 8 of 36

Examples

Components (w1%) £3 54 55 56 &7 58 59 ) §1 52 63
S0 54 20 £4, 3.12 5500 | 645 535 | 549 54.50 4 20 54.50 54,
ALOy 3.35 3.26 330 325 1 3335 1 1328 | 133 335 338 325 3,
Cal 24.55 2455 | 2455 28.25 2355 2455 24.5 24.55 24.55 24.55 24,
MaC j 55 255 3.00 255 67 57 258 2.65 85 | 248 255
10, : ) 55 855 T 055 55 0.55 55 .55 1055 .55 | €35 0.8%
N30 : 145 0.45 ¢ 45 45 0.45 0.45 345 0.45 .45 0.43 43
K;0 2.55 4.55 0.55 55 0.55 4.55 855 | 0.55 .55 .55 .55
Fe.0, .28 0.28 028 0.28 28 a.28 028 8.28 028 0.28 .29
B8:0; 00 .00 3.0 3.00 3.00 3.00 3.00 3.00 .00 3.08 80
F 9.20 020 1 010 Q16 0.1¢ .10 Q.10 X 1 .10 120
50 812 12 0.10 0.1 X Q.10 0.12 N X 0.12 .12
{RO(Ca0 + Mg} 27.18 27.10 2155 26.80 21,22 27.22 708 2720 27.40 2720 26.80
iSi0Cal 221 22 2.20 237 2322 22 | 223 222 228 2,22 226
SiQJIRO - 200 2.01 1.86 205 2.00 00 202 200 98 L) 204
SIO/A,0y 408 431 07 |- 235 411 4.1 4.14 4.1 4.06 A 4.14
ALOICaQ 854 054 054 55 0.54 0,54 $.54 0.54 0.54 0.54 455
5i0; + ALQ, 62,85 87.75 §7.42 68,25 8§7.75 87.15 62.90 62.75 67.55 §7.75 B.U5
‘RZO*RO*B«O, 31.10 33.10 3155 3080 31.2¢2 3122 31.05 31.20 31.30 3120 1 3080

StrANRIO +ROB) 217 2.8 214 222 217 2.7 2,19 217 2.15 2.17 221
Si, « RG FIRT 2740t 265¢ 2820 21.28 37.28 2788 22.30 2880 27.30 28.00
ALOYRQ 043 G428 048 0.49 049 8,48 0.49 D43 0.49 .49 049
Log3 FT.°C 190 1194 1186 1197 1201 1198 1201 1195 1198 1187 1197
Liquidus T. °C 1120 1124 1132 1124 1131 1137 111§ 1130 11308 1127 1121
Detta T, °C 10 70 €4 73 0 &2 82 56 56 70 %




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 9 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 8 , add Table 8 Continued .

Table 8 — Type 2 Glasses (cont’d)

Cqmgnnents {wi%) 84 6S 66 34 86 Exi;a%ples 70 7% 721 73 73
sz‘i?f f;sgg S495 1S90 FEN Y 5528 54,95 54 75 5485 15440 | 53306
20, 1328 11335 01 1328 | 1330 336 320 340 | 132G 1 1390
2,20 43 2455 1.342C | 2438 V9400 | 2430 | P44k | saas | 34401 330
:g gg ' 55 1 255 255 2.55 255 355 355 255
5 55 .55 55 55 .55 1 055 055 656 D5
45 45 45 451045 45 045 45 5 4
g_g} gg 55 28 S5 0.45 .55 085 58 "55 .5.
| 2 28 35 28 0.75 028 [¥7) 28 28 0.28
3% ; 00 .00 ) 3.00 3.00 3 ) 80 30
0.10 .10 . i) ) - 0 5.10 3,50
6.2 | 042 1 01 : K] - (XE3 32 1 0aZ 1017
23 27?5 2883 } 2140 | W675 173680 | Z67s | 2685 1 Srm | 3en 1 Iees s
E 226 1 331 236 | 2.26 278 26 224 73 235 ¥
205 2.05 ) 207 304 207 05 1 .203 w2 203 303
a5 e O 0 X 00 O O X K
) ; , 0S5 | 058 | bis 1 088 1 D& T 0T 65 ;
A ' 3 3 -
gg) mg gs 5 ggigg 5820 1 6755 | 6855 | 68,08 | BG5S | 6A20 | B7 6% 795 | 8800 ;a?u
R : 225 :;o.za’s 321.;151 320;5 m.a'o '3'zh .2&5 30488 1 3100 | 5100 1 3083 1 3088
;i ; 3 ) 228 | 73 34 221 249 X) ;
2?0,123 2830 | 2830 | 2680 | 280 | 2800 1 2850 1 3835 G TAT :?f,s% 2272?5 '3727(:5
0.50 045 0AF | 050 043 850 | 048 {048 .50 540 0.49
Log3 FY, °C 1159 1159 1158 1202 | 1202 1203 1200 7
e - 1203 T
léf_gluedus}, < 1127 FIEE) 1157 1128 1147 1124 1925 1125 nzg: :fg? :fg;
Is T. ¢ - 71 78 62 - 78 5 70 78 78 I 52




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 10 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 8 Continued, add Table 9 .

Table 9 — Type 2 Glasses

Examples

Companents (vit3s) 75 75 77
S0, 53.00 5$3.00 53.50
1A1,0, 13.10 3.50 14.00
€a0 2400 | 2400 | 2400
MO 250 2.50 1.50
Ti0, .50 0.50 0.50
Na,0 )90 050 050
K,O - 0.37 0.37 0.37
Fea0y § ).10 0.10 0.10
3203 P.O: 4.5 3 4.5 4
F 0.50 0 5¢ 0.50
SO 0 13 0.13 0.1
Cr-Oy 0.13 0.13 0.1
RO (Ca0 + Mq0Q) 26.50 26.50 25.50
riOleaO 1 221 221 223
Si0JARO _ 200 2.00 2.1(
SIOZALO, 4.05 3.93 38
ALOYCad 0.55 0.56 0.58
Si0, + AlLO, 6B.10 66.50 67.50
R20+RO+B,0, 32.79 32.70 31.71
(SivAIN(R20+RO+B) - 202 2.03 2.13
Si0; - RO 26.50 26,50 28.00
AL.OYRO 0.49 0.51 0.55
Log3 FT.°C 1167 1172 1177
Liquidus T. °C 1110 1103 1122
Delta T, ¢C 57 69 57




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 11 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is

hereby corrected as shown below:

At the end of Table 9, add Table 10 .

Table 10 — Type 2 Glasses

- Examples
Comaonents (wl%) 78 EN 80 81 82 83 84 85 88 a7 88 89
Si0; §5.40 55.80 5620 5575 563§ 55.60 55 80 56.40 56.0 £6 00 5600 56.65
ALO. 1360 13.40 1360 [. 1320 13.50 1360 13.60 13.40 1360 13.80 13.60 13.09
Ca0 24 85 24685 24 05 23.25 2385 24 65 24.45 2405 2425 24.05 24.25 23.50
| MgO 2.50 50 2.50 .55 55 250 .50 250 2.50 .50 .50 2.55
Ti0, i .50 50 0.50 .10 .50 .50 50 _ .50 .50 0.50 .50 .10
 Na;0 .80 90 0.90 0.90 990 .90 90 .30 .90 90 S0 .50
 Fe 0, .25 .25 0.25 0.25 .25 .25 25 .25 .25 .25 .25 .25
[B:0, .00 200 2.00 3.00 G0 00 00 00 .60 00 ) 00
RO 27.35 2215 26.55 25.80 26.40 27.15 2695 26.55 26.75 26.55 26.75 26.05
_SIOE'CBO 223 225 2.34 2.40 2.36 2.26 228 - 2.35- 2.31 233 231 241
Si0-RO 2.03 2.0 Al 216 213 ~_ 208 207 .32 209 2.11 209 2.17
Si0+ ALO, 4.07 41 413 3,22 414 409 410 421 4.12 4.06 411 434
| A1.O,/Ca0 0.54 054 Q57- 0.57 057 055 0.56 055 056 0.57 056 | 0%6 |
§i0; + AD: . 63 00 6920 1. 6980 68.95 69.95 69.20 |- 69.40 §9.80 69.60 69 80 69.60 69.70
| RZO+RQ+B0, 30.25 30 a5 29.45 28.70 2030 30.05 29.85 29.45 29.65 29.45 2365 28.95
Si+AIMRZO+*RO+B) 2.28 230 2.37 232 2.39 230 2.32 237 235 .37 235 241
510, - RO 28 05 28.65 29.65 29.95 28.95 28.45 28.85 29.85 29.25 2945 29.25 30.50
ALOYRO 050 049 051 0.51 051 0.50 0.50 0.50 0.51 0.52 051 059
| Log3 FT.°C 1217 1211 1219 1204 1218 1211 1209 1216 1213 1219 1202 1218
Lauidus T, °C 1153 1156 1136 1127 1138 1154 - 1158 1143 1136 1151 1137 1131
Oelta T, *C G4 55 [K] 77 80 57 53 73 17 68 55 87




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 12 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 10 add Table 10 Continued .

Table 10 — Type 2 Glasses (cont’d)

—

Examples

Components (wt%) 90 91 92 93 94 . 95 96 - 97 a8 99°

S0, 56.25 56 1 57.75 §7.75 56.75 87 15 57.25 58.55 57 25 56.25
ALO, 13.20 3.0 3.20 12.20 - 13.20 13 05 13.20 12.20 12.20 13.20
€a0 2325 3.0 21.25 24 25 24 25 24.00 24.25 23,45 23.75 23.75
MgQ 2.55 2.55 2.50 2.50 2.50 2.55 250 2.55 2.50 2.50
Ti0a .10 . .10 10 1.10 1.10 1,10 110 1.10 11 10
Na,O 0.90 0.90 0.90 0.90 090 0.90 0.90 0.90 0.9¢( 90
Fe.0, 0.25 0.25 - 0.25 0.25 0.25 0.25 0.25 0.25 0.2 .25
B+0, 3.00 3.00 1.00 1.00 1.00 00 1.00 G0 2.0 2.00
RO 25.80 25.55 26.75 26.75 26.75 26.55 26.75 26.00 26 25 26.25
SI0¥Ca0 2.41 2.44 238 .38 234 - 2.38 2.36 2.50 2.41 237
Si0J/RO . 2.18 2.20 2.16 .16 2.12 2.15 2.14 2.25 2.18 214
SiOAL 03 4.26 4,30 4.38 4.73 4.30 4.38 4.33 4.80 4.68 4.26
ALO/Ca0 0.56 0.56 0.54 0.50 0.54 0.54 0.54 0.52 0.51 0.56
Si0, + ALO3 69.45 63.20 . ] 7985 |- 69.95 69.95 70.20 7045 70.75 69.485 6§3.45
R20+R0*B;O] 29.70 29.45 28.65 28.65 28.65 28.45 28.65 27.90 29.15 29.15
(SieAN(R20+RO+B) 2.34 2.4 - 267 2.44 2.44 247 2.47 2.54 2.38 2.38
Si0, ~ RO 30.45 30.60 31.00 31.00 30.00 30.60 30.50 32.55 31.00 30.00
ALOLRO . 0.51 0.51 0.49 0.46 048 0.49 0.49 0.47 0.46 050
Logd FT, °C 1214 1212 1240 1227 1228 1235 1239 1236 1227 1224
Ligundus T.°C 1114 1178 1178 1164 1161 1154 1158 1159 1148 1149
Defta T.°C 100 34 62 63 67 81 80 77 79 . 75




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO.

APPLICATION NO. :

DATED
INVENTOR(S)

: 6,962,886 B2
10/164468

: November 8, 2005
: Frederick T. Wallenberger

Page 13 of 36

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 10 Continued , add Table 10 Continued .

Table 10 — Type 2 Glasses (cont’d)

Examples . .
Components (wi%) 100 10 102 103 104 105 08 107 108 109
|_S10, 56.65 56.7 £8.05 5580. | 57.2 56.75 56.25 56.50 55.80 56.75
ALD, 13.05 13. 12.20 13.60 13.20 13.20 1320 13.20 13.80 13.20
Ca0 23.50 23, 2295 24.45 22.25 23.75 2375 23.50 24.25 22.25
| MgO 2.55 2.55 2.55 250 2.50 2.05 2.55 2.55 2.50 2.55
TiO, 1.10 1.10 1.10 0.50 1,10 - 1,10 1.1 1,10 0.50 10
i Na,0 0.80 0.90 0.90 ).90 0.90 0.90 D.90 .80 .90 .90
Fe.0O, 0.25 0.25 0.25 .25 0.25 0.25 0.25 .25 .25 25
8,04 2.00 2.00 2.00 2.00 200 2.00 2.00 2.00 .00 .3.00
RO 26 05 25.80 25.50 26.95 25.25 2580 26.30 26.05 26 75 24.80
SiQy/Cad 241 2.44 .53 2.28 2.52 2.33- .37 - .4 2.30 .55
SiO/RO 2.17 2.20 .28 207 227 2.20 2.14 .16 2.08 29
Si0JA10, 4.34 4.30 - 4.76 4.10- 434 4.30 426 4.28 4.04 4.30
ALOYCa0 0.56 0.57 0.53 0.56 0.58 0.56 0.55 0.56 0.57 0.59
SiO; + ALO, 69.70 69.95 70.25 69.40 70.45 69.95 69.45 69.70 £9.60 69.95
R20+R0O+B.0, 28.95 28.70 2840 29.85 28,15 28.70 29.20 28.95 29.65 28.70
{SItAl(R20+RO+B) 2.41 244 | 247 2.32 2.50 2.44 2.38 241 2.35 244
Si0; - RO 30.60 30.95 32.65 28.85 32.00 30.95 29.95 30.45 29.05 31.85
ALOJRO 050 0.51 0.48 0.50 0.52 0.51 0.50 0.51 0.52 0.53
Log3 FT.°C 1225 1225 3225 1222 1237 1230 1220 1220 1222 1221
Liquidus T, °C 1145 1147 1142 1i53 1149 1141 1131 1133 1137 1121
Delta T, °C 80 78 83 69 86 89 - 89 87 85 100




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 14 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 10 Continued , add Table 11 .

Table 11 - Type 2 Glasses

Exam_glé
Companents (w%) 110 111 112
SiQ, 57.78 57.75 56.10
|ALQ, 122 12.2 13.38
CaC 23.75 23.95 2442 |
MO 255 | 255 255 |
TiO, 1.10 1.10 0.55
Na,0 Q.50 0.90 0.90
KO . - -
Fe,0; 0.25 0.25 0.25
18, 1.40 140 1.30
RO (Ca0 + MgO) 26 30 26.50 2697
Si0,/ICa0 243 241 2.30
Si0J/RO 220 2.18 2.08
$10,/AL,0, 4.73 4.73 419
ALOYCal 051 _{ 051 0.54
Si0; + ALO, 69.95 69.95 6948
R20+R0O+8,0,; 28.60 28.80 28.17
(Si+AIV(R20+R0O+B) 2.44 243 2.38
*Sio; RO 3145 31.25 29.13
ALOLIRO 0.46 0.46 0.50
Log3 FT, °C 1217 1218 1215
Liquidus T, °C 1151 1155 1150
iDelta T. *C 66 63 85




UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,962,886 B2 Page 15 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 11 , add Table 12 .

Table 12 -- Type 3 Glasses

Examples
Components {wi%) 113 114 115 116 117 118 119 120 121
S10, 58 70 57 95 58 35 60.05 £8.25 5886 5997 59 16 58 76
ALO, 13.35 13.2 13.20 1298 13.40 1344 12 19 13.24 1364
Ca0 . 23.50 24.0! 23.65 22.14 23.55 23.55 2225 23.45 2345
| MgO 2.50 - 2.55 2.55 _ 3.12 2.55 2.50 2.90 2.50 2.50
Ti0, 0.50 1.10 1-10 0.55 1.10 050 150 050 050
Na,0 0.30 . - - . - - - -
P(;O - - - hd hd - -~ hd e
Li,O 0.80 0.90 0.0 0.91 0.90 | 090 0.90 0.90 0.90
Fe,0y 0.20 0.25 0.25 0.25- 0.25 0.25 0.25 0.25 0.25
B;O; hd - - - - hd - - hd
RO {Ca0 + Mg0) 26 00 26.60 26.20 25.26 26.10 26.05 25.15 2595 25.95
510.Ca0 .50 2.4 247 2.71 2 47 2.50 2.70 252 2.51
 Si04RO .26 2.18 2 27 2.38 2.23 2.26 2.38 2.28 226
Si0/ALO, 4.40 4.39 4.42 463 4.35 4.38 4.92 4.47 4.31
AlO,ICa0 0.57 0.55 0.56 0.9 0.57 0.57 [} 0.56 a58
810, + ALO, 72.05 7115 71.55 7303 71,65 72 30 72.16 72 40 7240
R20+R0O+8.0,- 27.20 21.50 27.10 26.17 27.00 26.95 26.05 26.85 26.85
{Si+AIN(R20+RO+B) 265 2.59 2.64 279 2.65 2.68 2.77 2.70 2.70
$10; - RO 32.70 -31.35 32.15 34.79 32.15 32.81 34.82 3321 32.81
ALOYRO 0.51 0.50 0.50 0.51 0.51 0.52 0.48 0.51 0.53
Logd FT. °C 1211 | 1205 1211 1214 1215 1216 1217 1218 1218
Liquidus T, *C 1153 1151 1146 1159 1153 183 1161 1156 1150
Deita T, °C 58 54 65 55 62 63 56 62 68




UNITED STATES PATENT AND TRADEMARK OFFICE

PATENT NO.

DATED
INVENTOR(S)

CERTIFICATE OF CORRECTION

16,962,886 B2 Page 16 of 36
APPLICATION NO. :

10/164468

: November 8, 2005
: Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 12 , add Table 13 .

Table 13 — Type 3 Glasses

Examples

Components (wi%) 122 123 124 125 126 27 128 129 130 131

EVN 58.7 59.30 57.65 58.96 58.15 60.09 60.2 60.33 59.73 59.85
ALO; 133 12.10 3.40 13.24 13.20 2.22 12 24 27 12.92 1285 ¢
CalD 23.5 2260 24.15 23.65 23.85 2331 23.35 23.40 22.00 22.04
MgO 2.50 3.40 2.55 2.50 2.55 2.70 2.50 230 3.10 290
TiO; .50 .50 1.10 0.50 1.10 0.50 0.50 0.50 1.10 110

 Na,O .60 45 . - - S . - - -
1.0 .60 45 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Fe.O, .25 .20 0.25 0.25 0.25 0.25 0.25 0.25 0.25 025

| 8,0, - - . N . . . N N .

: RO (Ca0 + Mg0) 26.00 26.00 26.70 26.15 26.40 26.01 25.85 25.70 25.10 24.94

| Si0yCal 2.50 2.62 233 2.49 244 2.58 2.58 2.58 2.70 2.72

| SiOYRO 2.26 2.28 2.16 2.25 220 2.31 2.33 2.35 2.38 2.40
SiOJALO, 4.40 490 4.30 445 4.41 4.92 4 92 4.92 4.62 4 62
Al:0yCal 0.57 0.54 0.55 0.56 0.55 0.52 0.52 0.52 0.59 0.59
Si0; + ALO, 72.05 7140 71.05 72.20 71.35 72.31 7245 72,60 72.65 72 80
R20+R0+8,0, 27.20 2745 27.60 27.05 27.30 _ | 26.91 26.75 26.60 26.00 25.84
{Si*AIM(R20+RO+8) 2.65- - 2.70 2.57 2.67 251 2.69 271 2.73 2.30 232
Si0;- RO 327 3330 30.85 32.81 31.75 34.08 34.36 34.63 34.63 34.91
ALOJYRO 0.51 0.47 0.50 .51 0.50 0.47 047 0.48 - 0.51 C 52
Logd FT. °C 1226 1205 1206 1212 | 1237 1217 1213 1216 1214 1214 |
Liquidus T, °C 1157 1151 1154 1158 1172 1163 1162 1166 1164 1161
Delta T, °C 69 54 52 54 65 54 51 50 50 53
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Page 17 of 36

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 13 , add Table 13 Continued .

Table 13 — Type 3 Glasses (cont’d)

Examples i
Components (wt%) 132 133 134 135 1361137 138 139 1401 14l ;
Si0; 59.97 | 6009 | 6021 | 6000 | 6057 1+ 5980 | 5975 | 5965 | 5960 1 5955 |
A0, 1297 | 13.00 | 1302 | 1250 | 1300 | 1225 | 1225 | 1225 | 1225 12.25
Ca0 2209 | 2213 | 2218 | 2370 | 2231 | 2260 | 2285 | 23.35 | 23.60 | 23.85
MgO 2.70 2.50 2.30 1.90 170 3.10 2.90 2 50 2.30 2.10
TiO, 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10 .10 1.10
| Na,0 . . - . - 0.30 0.30 0.3 0.30 0.3
1.0 0.90 0.50 0.50 0.90 0.50 0.60 0.60 0.60 0.60 0.60
Fe,0, 0.25 0.25 025 | 025 0.25 - - - - -
8,0, - . : - p - ‘ - -
RO {Ca0 + MgO) 2879 | 2463 | 2448 | 2560 | 2401 | 2570 | 2575 | 2585 | 2590 | 2595
S10,/Ca0 2.71 271 2.71 53 2.71 2864 261 2.57 25 2.5
Si0JRO 242 244 2.45 34 2.52 233 2.32 23 2.30 2.
| SIOJALO, 4.62 482 | a82 4.80 462 488 4.88 .87 3.87 .86
ALO,/Ca0 0.59 055 | 059 0531 059 | 054 0.54 0.52 0.52 0.51
$i0; + ALO, - 7287 | 7309 | 9323 | 7250 | 7367 | 7205 | 7200 | 7190 | 71.85 | 71.80
R20+R0O+8,0, 2569 | 2553 | 2538 | 2650 | 2491 | 2660 | 2665 | 26.75 | 26.80 | 26.85
(Si+AlJ(R20*RO+B) | 233 2.86 2.89 2.74 2.96 2.71 2.70 2.69 2.68 2,67
Si0;- RO 3518 | 3546 | 3573 | 3440 | 3656 | 3410 | 3400 | 3380 | 337 33.60
| ALOJRD 0.47 0.53 0.53 049_| 055 047 0.48 0.47 0.47 047
Log3 FT.°C 1219 1223 1233 1239 1239 1240 1236 1236 1238 1234
| Liquidus T, *C 1160 1155 1142 1139 1141 1156 1156 1159 1167 1123
Delta T, °C 59 ] 91 100 98 94 80 77 71 61
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 13 Continued , add Table 13 Continued .

Table 13 — Type 3 Glasses (cont’d)

elta T, °C

. Examples |
Components (wi%) 142 143 | 144 145 146 147 148 149 150 151 ° |
Si0; 59.50 60.00 59.95 59.90 §9.85 60.21 60.33 80.75 60 21 59.71
ALOJ 12,25 .40 1240 12.40 120 12.24 .27 12.135 13.02 13.24
| C30 24.10 22.05 23.30 23.55 2380 | 22.34 22.39 22.55 22 52 22.90
MqQ 1.90 2.30 2.10 190 1.70 1 250 2 20 1.70 2.50 2.50
Ti0. 1.10 .10 10 1.10 1.10 1.50 50 1.50 0.50 0.50
| Na.O 0.30 - - - - - - - - -
L1,O 0.60 0.90 0.90 0.90 0.90 0.0 0.90 0.80 1.00 0.80
Fe,03 - 0.25 0.25 0.26 0.25 0.25 0.25 0.25 0.25 0.25
8,03 - - - - - - . - - -
RO {Ca0 + MqO) 26.00 24.35 25.40 2545 25.50 24.84 24.69 24.25 2502 25.40
Si0JCal 2.47 2.72 2.57 2.54 2.51 2.70 269 269 2.67 261
SiOJRO 2.29 2.46 2.38 2.35 235 2.4: 2.44 251 241 2.35
SIOJALD, 1.86 4,84 4.83 4, 4.99 4.92 4.92 4 92 4.62 4.51
AlOJICal _0.51 0.56 0.53 0 53 0.50 0.55 0.55 055 0.58 0.58
SQ; ¢ ALO, 7175 72.40 72.35 72.30 71.85 7245 72.60 7310 73.23 7295
R20+R0O+8,0, 26.90 25,23 26.30 26.35 26.40 25.74 2559 -25 15 26.02 26.30
| {S11 AlJ(R2Q+RO+B) 2.67 2.87 2.75 2.74 2.72 2.81 2.83 2.91 2.81 2.77
Si0; - RO 33.50 35.65 36.55 34.45 3435 35.37 35.64 36.50 35.19 34 31
| ALOJRO 0.47 0.51 0.53 0.49 0.47 0.49 0.50 0.50 0.52 0.52
Logd FT. <C 1234 1230 1231 1224 1224 1215 1231 1249 1231 1227
Liquidus T, °C 1181 1146 1152 1156 1156 1162 1160 1166 1143 1142
3] 53 1 84 £ ~ 68 68 §3 71 74 88 85
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 13 Continued , add Table 13 Continued .

Table 13 — Type 3 Glasses (cont’d)

Examples i
Components (wi%) 152 153 154 155 156 157 158 153 160 161 162 .
S0, 59 46 60.02 60.26 60.14 60.10 60.23 60 10 60.23 60.13 60.05 60.05
ALD, 13.24 12.35 12.30 1237 13.00 12.25 3.00 -§ 1225 1237 1298 1 1298
CaQ 23.18 23.35 23.45 23.40 2215 23.36 2215 23.36 2340 22,14 22 14
MgQ 2.50 2.54 2.55 .54 2.50 25 2.50 2,50 2.54 3.12 312
T:0; 050 ‘| 0S50 051 51 .10 0.51 .10 0.51 0.51 0.55 0.55
L0 0.90 1.00 0.60 0.80 0.90 0.90 0.90 0.90 - 0.80 0.91 0.91
£e,0, 0.25 0.23 0.23 0.23 0.25 0.25 0.25 .25 023 0.25 0.25
8.0, - - . N N - . . . . N
RO (Ca0 + MgO) 26.65 25.89 26.00 7594 24.65 25 B6 24.65 2586 25.94 25.26 2526
 Si10,/C20 257 2.57 2.57 2.57 .71 2.58 271 2.58 2.57 2.71 2.1
Si0,/RO 232 232 232 2. 2.44 2.3 244 2.33 232 2.38 238
| SI0,/A1,0; 449 4.86 4.89 4 4.62 4,92 467 4.92 486 4.63 383
| AROYCa0 0.57 0.53 0.53 0.53 0.59 0.52_. 0.59 0 52 083 0.59 059
Si0, + Al 7270 72.37 72.66 72.51 73.10 1248 73.10 7248 72.51 7303 73.03
R20+R0O*B,0, |1 _26.50 26.85 26.60 26.74 25.55 26.76 25.55 26.76 26.74 26.17 2637
| (Si*AINIR20+RO+B) 2.74 2.10 2.73 2.71 286 2.71 286 2.7 2.71 279 2.79
Si0; - RO 33.81 34.13 34.26 34.20 3445 34.37 35.45 34.44 34.20 34.79 34.79
| ALO/RO 852 0.48 0.48 0.48 9.53 047 0.53 0.47 048 0.51 0.51
Log3 FT, °C 1226 1209 1230 1219 1235 - 1220 1237 'EE 1219 1218 1223
Liquidus T, *C _ 1147 1158 1158 1159 1133 1160 1136 1158 1158 1164 1163
Delta T, °C 79 50 [ 60 102 60 | w1 66 60 55 60




UNITED STATES PATENT AND TRADEMARK OFFICE
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 13 Continued , add Table 14 .

Table 14 — Type 4 Glasses

Examples o

Components {wt%} 163 164 165 166 167 168 169
Si0; 58.30 58.20 58.10 58 15 58.15 58.00 58.2
ALO, 3.03 13.03 13.03 ] 13.20 13.33 3.03 133
Ca0 23.54 23.64 23.74 22.85 23.39 2384 | 232

| MgO .50 2.50 2.50 2.55 2.50 2.50 .50
Ti0. .50 0.50 .50 |- 110 0. 0.50 .50
Li,0 0.90 0.90 .90 0.90 0.90 0.90 0.90
ZnO 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Fe,0, 023 0.23 0.23 0.25 023 0.23 0.23
B.O, N - . . - N -
RO (Ca0 + Mg0) 26.04 26.14 26.24 25.40 25.89 26.34 25.79
SiI04Ca0 248 246 2.45-- 2.54 249 2.43 2.50
SiI0.IRO 2.24 2.23 2.21 229 2.25 220 2.26
S10,/A1,04 4.47 4.47 4.46 4.41 4.36 4.45 4.37
ALOyYCal 0.5 0.55 0.55 0.58 0.57 0.55 0.57

| S0, + ALO, -1 7133 71.23 71.13 71.35 7148 | 7103 71.58
R20¢RO0B~O! 26.94 27.04 27.14 26.30 26 79 27.24 26.69
(Si+Al¥(R20+RO+8) 2.65 2.63 262 _an _2.67 2.61 2.68
Si0; - RO 32.26 32.06 31.66 32.75 32.26 3166 32.46
ALO/RO 0.50 0.50 0.50 0.52 0.51 0.49 0.52
Log3 FT. °C 1204 1205 1206 1207 1208 1208 1213
Liquidus T, *C 1147 1148 1144 1136 1152 1152 1146
Qelta T, °C 57 57 62 71 56 56 67




UNITED STATES PATENT AND TRADEMARK OFFICE
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PATENT NO. : 6,962,886 B2 Page 21 of 36
APPLICATION NO. : 10/164468

DATED : November 8, 2005

INVENTORC(S) : Frederick T. Wallenberger

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 14 , add Table 15 .

Table 15 — Type 4 Glasses

Examples .
Components {wi%) 170 171 172 __1_73 174 175
S0, 58.00 58.10 57.35 57.95 59.61 59.47
ALO; 1303 | 1363 | 13.20 | 1320 | 12.16 | _12.16
Ca0 23.84 | 2314 | 2365 | 2405 | 2350 | 2422 |
MgO 2.50 2.50 | 2.58 2.55 | 2.50 1.90
TiO, 0.50 0.50 1.10 1.10 1.10 .10
Li,O 0.90 0.90 0.90 - 0.90 0.45 *0.45
| 200 1.00 1.00 1.00 1.00 0.45 0.45
[ Fe;0; 0.23 0.23 0.25 0.25 » -
B;0; - - - . : :
RO (CaQ + MgO) 26.34 25.64 26.20 26.60 26.00 26.12
SiQ,/ICa0 2.43 2.51 2.42 2.41 2.54 2.46
SiOJ/RO 2.20 2.26 2.19 2.18 2.29 2.2
Si0,/ALO, . 4.45 4.26 4.34 4.39 4.80 4.8
ALOyCa0 1 0.55 0.59. 0.56 0.55 0.52 .50
Si0; + ALC, 71.03 71.73 70.55 71.15 71.77 71.63
R20+R0O+B,0, 27.24 26.54 27.10 27.50 26.45 26.57
{Si+ANI(R20+R0O+B) 2.61 2.70 2.60 2.60 271 2.70
Si0, - RO 4 3166 |- 32.46 31.15 31.30 33.61 33.35
AlLOYRO 0.49 0.53 0.50 0.50 0.47 0.47
Log3 FT, °C { 1208 1212 1185 1195 1229 1218
Liguidus T, °C 1149 1157 1§ 1141 1140 1154 - 1158
Delta T, °C 59 - 54 55 75 59
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It is certified that error appears in the above-identified patent and that said Letters Patent is

hereby corrected as shown below:

At the end of Table 15, add Table 16 .

Table 16 — Type 5 Glasses

Example

Components {wi%) 176 177
Si0; 59.00 58.70
ALO, : 12.00 11.90
CaD 22.50 2.4
MgO 3.40 3.40
Tio, 1.00 00
%o 0.90 0.90

(] 1 G0 1.50
) - -
Fe,0y 0.20 0.20
B;o; Ad -
RO 2560 25.80
SiQ,/Ca0 2.62 2.62
SI0JRO 2.8 2.28
SIOJALO, 4.92 493 |
AL,O/CaO 0.53 0.53

_[SiO;+ALG; 71.00 70.60

R20+R0O+8;0 26.80 26.70

S+AINRZ0+RO+B) | 2.65 2.64
SiIO+RO 33.10 32.90
AL,OJRO 048 0.46
Log3 FT *C 1234 1231
Liquidus T °C 1175 1181
Delta(T3-TL) °C 59 50
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CERTIFICATE OF CORRECTION
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 16 , add Table 17 .

Table 17 — Type 6 Glasses

Examples .
Components (wi%) 178 179 180 181 182 183 184 _185 186 187
Si0. 58.00 58.10 58 30 5790 58.11 57 60 58.50 57 80 58.00 57.80
AlLO, 1303 13.03 13.03 13.23 13361 13.23 12.76 3.43" 13.03 1303
Cao 2384 23.74 23.54 23.74 2340 23.84 236 23.64 23.84 2384
MgO 2.50 2.50 2.50 2.50 2.5( 2.50 2.50 2.50 2.50 2.50
TiO, 0.50 0.50 050 0.50 0.50 50 0.50 050 0.50 0.50
Na,Q - - - - - 1Q - - -
K0 . A . . . . . - - .
L0 0.90 0.90 0.90 0.80 0.90 0.80 0.90 0.90 080 | 090
Fe,0, 0.23 0.23 0.23 0.23 0.23 023 0.23 023 0.23 0.23
B0, 1.00 100 - 1.00 1.00 1.00 1.20 1.00 1.00 1.00 1.20
RO (CaD + MgO) 26.34 26.24 26.04 26.24 25.90 26.34 2611 | 26.14 26.34 26.34
S10,/Cal 2.43 245 2 48 2.44 2.48 2432 2.48 245 243 242
SiOZRO . 2.20 2.2 2.24 2.21 2.24 2 1€ 2.24 2.21 2.20 2.1
Si0JAILO, 4.4 4.46 4.47 4.38 4.35 4.35 4.58 4.30 4.45 4.44
ALOYCa0 0.5 0.55 0.55 0.56 0.57 0.55 0.54 057 0.55 0.55
Si0, + ALO, 71.03 71 13 71.33 7113 -} 7147 70.83 71.26 71.23 71.03 70.83
R20+RO+B,0, 28.24 28.14 27.94 28.14 27.80 28 43 28.01 28.04 1 2824 28.44
(Si+ANI(R20+RO+B) 252 | 253 2.55 2:53 2.57 249 2.54 2.54 2.52 243
S0; - RO 31.66 31.86 3226 3166 -| 32.21 31,26 32.39 31.66 | 3166 31.46
ALOJRO 0.49 0.50 0.50 0.50 0.52 0.50 043 -1 0.51 0.49 0.43
Log3 FT.°C 1192 1194 1195 1195 1196 1196 1197 1197 1198 1198
Ligudus T, °C 1137 1135 1140 1137 1133 1133 1139 1139 1138 1135
Della T, °C 55 59 55 58 63 63 58 58 60 63




UNITED STATES PATENT AND TRADEMARK OFFICE
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 17 , add Table 18 .

Table 18 — Type 6 Glasses

Examples
Components (wi%) | 188 189 190|191 92 193 194 [ 195 | 86 1 197,
[50; 58.00 | 5790 | S835 : 5825 | 5600 | 8810 | 5830 1 5820 | EASi T SE6a
ALO, 1343 | 1343 | 133 333 | 1363 | 1363 | 1303 1 1303 1 3305 T 1315
Ca0 2344 | 2354 | 2339 | 2329 | 2324 | 7314 | 2356 | 2364 [ 2207 1 555
U 25 | 280 ] 7250 17750 (" 28 | 250 | 250 | 250 | 7% | 236
10, E D501 050 | 050 | 050 | 050 . 050 | 080 | 045 | 5645
N : - . = 5 ; ;
Liz?J 030 | 090 : 580 | 0 o ; n T on
L 2 90| 080 | 060 | 060 | 080 | 080 | 090 1 05 | o097
2.0, 023 | 023 | 023 | 023 023 | 023 1 0235 | 023 25 75
6,0, 100 | 1.00_ | 100 | 1.00 1.00__| 100 | _1.00 | 1.00 100 1 1.00
RO (Ca0 + Mg0) 2594 | 2604 | 3589 | 2579 | 2574 | 2564 | 2604 | 2614 [ 355 T 3533
$:0,/Ca0 247 1 245 | 249 | 251 | 25 51 | 248 1 246 | 28 | 258
" SI0/R0 224 T 222 | 225 | 226 | 225 | 227 | 524 | 253 1 35 | 33
SI0JALD; 4.32 3.31 436 | 437 426 | 426 | 447 | 4dr | 450 | a4
A10/C20 057 1057 | 057 | 057 | 089 1 059 | 055 | 085 | 057 | 05
0; + ALO, 7133 | 7133 | 7148 | 7158 | 7163 | 7173 1 7133 | 7125 1 7155 1 7179
 R207R0+5,0; 2184 172794 T 2779 | 2769 | 27.14 | 2764 | 7754 | 3804 T 2735 | 2753
[ (SAV(RIOROE) | 257 | 265 | 257 259 1 264 260 | 255 | 254 | 263 | 263
SI0;- KO 3206 | 3185 | 3226 | 3246 | 3226 | 3246 | 3226 1 3506 | 3541 3537
;0JRO 051 | 052 | o081 | 052 1 053 053 | 050 | 050 | 082 | 052
Log3 FT.°C 1202° | 1203 | 1203 | ve02 [ 3907 1 212 | a0 | i3 5
Liguidus T, G 1139 179137 | 1136 | 1145 | 1144 | 116 T 132 3137 154(5) ) :fg?
Delta T °C 53 N A 53 & 58 ) &5 58

* compositiens include 0.05 wi% SO and 0.08 wi% SO3
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 18 , add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

Examples o 1
Componenls {wt%) 198° 199 200 200 1 202 203 204 205 206 ! 207 !
510; 58 84 58.7. 57.80 57.60 57.60 57 60 58.50 58.40 $8.30 58.40 |
1 ALRO, 12.95 12.9 13.23 1323 3.23 13.03 12.76 12.76 13.03 1303 !
Ca0 22.87 22.9 .23.84 23.84 23.84 24.04 23.61 23.71 23.54 23.44
MgO 2.36 2,36 250 2.50 2.50 2.50 250 250 2.50 2.50
Q2 049 0.50 0.90 0.50 0.50 0.50 - 0.50 0.50 0.50 050
Na;0 - 0.04 - - 0.20 0.20 - - - -
K0 0.09 0.10 - - - - . - - -
Li:0 0.91 .90 0.90 0.80 0.70 0.70 0.90 0.90 0.90 0.0
Fe0, 0.29 - .28 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
8,0, 1.00 .20 .00 1.20 _1.20 1.20 1.00 1.00 1.00 1.00
RO (Ca0 + MqO} 2523 | 2529 | 2834 26.34 2634 26.54 26.11 26.21- 26.04 25.84
$10,/Ca0 2.56 2.56 24 242 242 2.40 248 246 2.48 249 |
S10:/RO 2.32 2.32 2.1 2.19 2.19 2.1? 2.24 223 2.24 225
SIONALO, 4.53 4.54 4.3 4.35 4.35 437 4.58 4.58 4.47 4.48
ALO,/Cal 0.57 0.56 9.5 0.55 0.55 .54 _0.54 0.54 0.55 0.56
Si0; + ALO; 71.59 71.68 71.03 70.83 70.83 7063 7126 “{ 71.16 71.33 71.43
R20+R0O+8,0, 27.23 -27.53 28.24- | 28.44 28.44 28.64 28.01 28.11 27.94 12784
{Si+A)(R20+R0+B) 263 250 2.51 249 2.49 247 2.54 253 2.55 257
Si0; - RO 3341 3346 31.46 31.26 31.26 3106 32.39 32.19 32.26 32.36
ALOJRO 0.51 0.51 050 - Q.50 0.50 0.49 048 0.43 0.50 0.51
- !
Log3 FT. *C 1204 1210 1201 1200 1208 1204 1202 1203 1201 1208 ¢
Liguidus T, °C 1142 1127 1126 1125 1135 1145 141 1145 1138 137
Delta T, *C 62 83 75 75 73 56 61 58 63 71

* composiions include 0.05 wi% SrO and 0.08 wi% SO3
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 18 Continued, add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

Examples - N
Componenis {wt%) 208 209 210 211 i 212 T 213 | 213 | 215 [ 216 217 1.
Si0s 58.15 58.25 58.70_. 58.00 5760 586 58.6 1 _58.00 58 40 58.40
ALO, 13.33 13.33 12.7¢ 13.03 13.03 2.16 12.16 13.23 11.36 13.03 ¢
CaQ 2339 23.29 23.50 23.84 24,04 23 50 23.50 23 64 23 11 2344
MgO 2.50 2.50 2.50 2.5 250 | 250 2 50 2.50 2.50 2.50
T10; 0.50 0.50 0.50 0.50 0.50 1.10 110 0.50 0.50 0.50
Na.O - . 0.60 - - - 0.45 - - -
;0 - : - - - - - - - :
Li,O 0.90 0.90 060 0.90 0.90 0.90 0.45 0.90 0.90 090
Fe.0, 0.25 0.2 0.25 0.23 0.23 023 | 023 0.23 0.23 0.23
8.0, 1.00 1.0 0.60 1.00 .20 1.00 100 100 1.00 1.00
RO (CaD + MgO) 25.89 25.79 26.00 26.34 26.54 2500 26.00 26 14 2561 25.94
| Si0;CaQ 49 2.50 2.50 2.43 240 2.49 2.4 2.45 2.52 .49
SiQ./RO .25 2.26 2.26 2.20 217 _ 2.25 - 2.2 2.22 2.28 .25
Si10+/Al.Q 4.36 4.37 4,60 4.45 4.42 4.8 4.8 4.38 4.37 4.48
Al,0y/Ca0 057 _0.57 0.54 0.55 0.54 0.5 0.52 0.56 0.58 Q.56
Si0, + Al,Oy 71.48 71.58 7145 71,03 70.63 70.27 70.77 71.23 71.76 71.43
RZO'RO'BEOJ 27.78 27.69 27.80 28.24 28.64 27.90 27. 28.04 27 51 2784
SNAI)/!RZO*RDOB) 2.57 2.59. 2.57 2.52 247 2.54 2.54 2.54 2 61 2.57
 S10; - RO 32.26 32.45 32.70 31.66 31.06 32.61 32.61 3185 32.79 32.46
ALOJRO 0.51 0.52 0.49 0.49 0.49 0.47 0.47 0.51 0.52 0.50
Log3 FT.°C 1197 1200 1216 1202 1194 1201 1227 1201 1204 1201
Liquidus T. °C 1130 1134 1160 1137 1142 1142 1159 1435 1133 1136
Delta T, *C 67 66 56 65 52 59 &8 66 71 65
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 18 Continued, add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

Examplas —
Components {wi%) 218 219 220 221 222 223 224 225 26 227
$0; 58 50 58.60 $800 $8.10 58.10 58.70 58.70 58.70 58 61 5840
ALO, 13.03 13.03 3.63 13.23 13.43 2.75 2.35 12.35 12.3 12.76
Ca0 2334 23.24 23.24 23.54 23.34 23.50 23.50 2350 23.50 3.1
| MgO 2.50 2. 2.50 2.50 2.50 2.50 2.50 2.50 250 2.50
T0; 0.50 0.50 0.50 0.50 0.50 S0 0.50 0 50 1.10 0.50
| Na,O . . - - - 30 0.60 D.30 - -
K.0 - - - - - - . - - -
L,O 0.80 0.90 0.30 099 0.80. .90 060 0.90 0.90 0.90
Fe,0; 0.23 0.23 0.23 0.23 0.23 .25 0.25 0.25 0.23 023
| 8,0, 1.00 1.00 1.00 100 1.00- 60 1.00 1.00 1.00 .00
RO (Ca0 + MgQ) 2584 2574 | 2574 26.04 25.84 26.00 26.00 26.00 26.00 26.21
S$10,/Ca0 2.51 2.5 2.50 247 2.49 .50 2.50 2.50 2.49 246
Si0,/R0 2.26 2.28 2.25 2.23 225 2.26 226 2.26 2.25 2.2;
SiO¥ALO, 4.49 4.50 4.26 4.39 433 4.60 4.75 475 | 482 4.5¢
I Al;O,/Ca0 0.56 0.56 0.59 0.56 0.58 0.54 0.53 0.5% 0.52 0.54
Si0; + A0, 71.53 71.63 71.63 71.33 71.53 7145 71.05 71.05 70.77 71.16
R20+RO+8.0, 27.74 27.64 27.64 27.94 27.74 27.80 28.20 28.20 27.90 281}
(SAI(R20+RO+B) 258 2.5 2.59 2.55 2.58 2.57 252 | 252 254 2.53
$10;- RO .32.66 32.86 32.26 3206 ] 3226 32.70 32.70 3270 32.61 3219
ALOJRO 0.50 0.51 0.53 Q.51 0.52_ 0.49 0.48 0.48 047 043
Log3 FT. °C 1204 1204 1206 1189 1204 1204 | 1207 1202 1194 1194
i Ligudus T, °C — 1133 1135 1136 |- 1133 134 1153 1157 1149 1141 1134
Delta 7. °C i1 ] 70 1 63 70 o1 50 53 53 S0
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 18 Continued, add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

L ~Examples
Components {wi%) 228 229 230 231 232 233 234 235 236 237 .
Si0- 58.80 57.60 58.11 58.91 58.11 58.30 §8.20 58 10 58 70 58.70
| ALO, 12.46 13.03 .36 12.16 13.36 13.03 13.03 3.03 13.35 13.35
Ca0 23161 24.04 2340 23.80 23.40 23.53 23.64 23.724 23.50 23.50
MgD 250 2.50 250 . 250 2.50 2 50 2.50 2.50 2.50 2.50
Ti0, 0.50 0.50 0.50 0.50 0.50 - .50 050 0.50 0.50 0.50
Na,0 - 0.10 - - - - - - - -
K;O - [ - - - - - . - . .
Ls. 0.90 0.80 0.90 0.90 0.90 030 0 80 0.90 090 060
Fe 0y 023 .23 0.23 _ 0.23 0.23 0.23 0.23 023 0.25 G.25
| 8,0y 1.00 1.20 1.00 1.00 1 00 1.00 00 1.00 030 0.60
RO (CaO + MgO) 26.11 26.54 25.90- | 26.30 2590 26.04 26.14 26.24 26.00 26.00
Si0,ICa0 249 240 2.48 2.48 248 248 246 245 2.50 2.50
| Si0J/RO 2.25 2.17 2.24 .24 2.24 2.24 223 2.2 2.26 2.26
| SIOJALO, 4.70 4.42 _4.35 4.84 4.35 447 447 446 3.40 4.40 -
_ALLOyCal 0.53 0.54 0.57 0.51 057 0.55 0.55 0.55 0.57 0.57
SiQ; + ALO, 71.26 70.63 71,47 71.07 71.47 71.23 71.23 71.13 12.05 72.05
R20+R0O+8.0, 28.01 28.64 27.80 28.20 27.80 27.94 28.04 28.14 27.20 27.20
{SHAINR20+RO+8) 2.54 247 | z57 2.52 2.57 2.55 254 2.53 2.65 2.65
$10; - RO 32.69 31.06 32.21 3261 32.21 32.26 32.06 31.86 32.70 32.70
| ALOYRO 0.48 0.49 0.52 0.46 0.52 0.50 0.50 0.50 0.51 0.51
Log3 FT.*C 1195 1186 1229 1216 1213 1202 1202 1205 1207 1224
Liquidus T. *C 1145 1145 1155 1148 1142 1136 1135 1137 1144 1145
Delta T.*C 50 51 133 123 126 120 119 122 i14 142
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At the end of Table 18 Continued, add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

Examples
Componenls (wi%) 238 239 240 213 242 1 243 244 245 248 247
Si0; 5811 | 9820 1 5953 ! 5961 5911 . &9.1 59.1 $9.21 | 59.1 $6.36
ALO, 1336 | 1323 | 1225 | 1216 12.16 2161 129 1216 T 12.18 1241
Ca0 2340 | 2344 | 2317 | 2350 ! 2300 | 2300 | 23.20 2340 | 2350 | 2380
MgO 250 2.50 2.52 2.50 2.50 250 .25 2.00 2.00 200
Ti0; 050 0.50 0.50 1.10 110 110 110 1,10 1.10 050
Na,0 - - 1 - - - - - - - -
K.0O - . . . . . - - - -
Li,0 090 0.90 0.80 0.45 0.90 0.90 0.90 050 0.90 050
£e,0y 0.23 0.23 0.23 023 0.23 023 6.23 023 0.23 0.23
B.0s 100 1.00 1.00 045 1.00 1.00 .00 100 1.00 1.00
RO {Ca0 + Mg0) 2590. 1| 2594 ; 2569 | 2600 | 2550 | 2550 | 2545 ¢ 7540 { 2550 | 2560
$10./Ca0 2.48 2.48 2.57 .54 257 2.57 2.55 253 2.51 251
$:0,/RO 2.24 224 232 2.28 232 | 232 2.32 233 2.32 232
SI0/A1,0; 435 4.40 4.86 490 4.86 4.85 4 87 4.87 487 478
ALO,iCa0 0.57 0 56 053 | 052 0.53 0.53 052 0.52 0.52 053
Si0; » ALD, 7147 | 7143 | 7178 | 7197 | 7127 | 7ver | 7132 | 7137 | 7127 | 7177
R20+R0+8.0, 27.80 | 2784 | 2748 | 2690 ! 2740 | 2740 | 2735 | 27.30 | 2740 | 27.50
(Si+AN(R2O+RO+B) | 257 257 1 281 267 2.60 2.60 2.61 261 2.60 261
$10;- RO 3221 | 3226 | 3384 | 3361 1 3361 | 8361 | 3371 1 3381 1 3361 | 3376
ALOJRO G52 0.51 0.48 047 048 | 048 048 0.48 0.48 053
Log3 FT.<C 1212 1204 1214 1230 1205 1216 1218 | 1213 1209 1218
Liguidus T, °C 1135 1135 1143 1155 1142 1143 1147 1153 1153 1153
Delta 7. °C 139 124 7 75 63 73 7 60 56 83
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At the end of Table 18 Continued, add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

Examples

Component (wi%s) 248 249 250 251 | 252 253 | 254 255 256 257
Si0; 59.31 59.36 59.41 5911 ; 59.18 59.21 §9:16 59.11 5901 59 21
AO, 12.56 12.51 12.46 12.18 12 16 2.16 2.26 12.26 1236 2 16
Ca0 23.50 23 50 23.50 23.00 23.20 23.30 -23.45 2350 23.50 23.50
MO 200 200 2.00 2.50 2.25 2.00 - 2.50 2. 2.50 2.50
TiO, 0.50 0.50 0.50 1.10 110 1.10 0.50 0.50 050 |- 050
K0 . . . B . . . . - .
Li-O 0.90 0.90 0.80 0.90 0.90 0.90 0.90 0.80 0.90 0.90
Fe,0, 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23
8,0, 1.00 1.00 1.00 1.00 1 00 1.00 1.00 1.00 100 1.00
RO (Ca0 + MgO) 25.50 25,50 25.50 25.50 2545 25.40 2595 26.00 26 00 26.00

i0./Ca0 2.52 2.5: 2.51 2.57 2.55 2. 2.52 52 2.51 2.52

0J/RO 2.33 2.33 2.33 232 2.32 2. 228 2.27 227 2.28

0JALO, 4.72 4.7¢ 4.77 4.86 4.87 4. 4.8 4.82 4.77 4.87
AOyCa0 0.53 0.53 0.53 " 0.53 0.52 0.52 0.52 0.92 0.53 0.52
Si0; + ALO, 7187 71.87 71.87 71.27 71.32 7137 71.42 71.37 71.37 7137
R20+RO+B,Q; 2740 27.40 27.40 27.40 2735 2730 27 85 27.90 27.80 27 90

- (S1+ADNR20 rRG+8) 2.62 2.62 2.62 2.60 2.61 2.61 2.58 2.56 2.56 2.56

810, - RO 33.81 33.86 33.91 33.61 -33.71 3381 | 3321 33.11 33.01 3321
ALOJRO 0.49 0.45 0.49 0.48 0.48 048 0.47 D.47 0.48 0.47
Log3 FT. °C 1220 1220 1220 1216 1214 1220 1209 1210 1210 1201
Liquidus T, °C 1153 1158 1155 1144 1147 1158 : 1150 1152 1152 1143
Delta T.<C 67 §2 65 72 67 62 | 59 58 58 58
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It is certified that error appears in the above-identified patent and that said Letters Patent is
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At the end of Table 18 Continued, add Table 18 Continued .

Table 18 — Type 6 Glasses (cont’d)

! _ Examples :

| Componens (wite 758 259 750 261 62 263 1 259 265 265 267
5105 5875 | 5875 | 5810 | 5870 | 58.11 | 5931 f 5921 | 8460 | 5675 1 575
N,O; - 128 12 62 63 | 1335 | 12.16 | 12.28 226 | 1335 | 1320 1124
Ca0 2293 | 2293 | 2344 | 2350 | 2350 | 2230 | 2340 | 2455 | 2395 | 2405
MgO i 236 236 250 2.50 2.00 2.50 250 2,55 255 | 255 !
Ti0; 0.50 050|050 | 0750 110 1 _0.50 | 050 0.35 710 55
Na.O 0.14 0.24 . . 5 - " 0.15 D.60 &0 'i
K0 0.10_| 0. . - - : . 58 N -
iy 080 | 07 .80 536 1690 0.90 080 :
Fe:0, 029 | 02 0.23 525 1023 023 | 023 .gg o g.g'g"'"
E:o, 120 1 120 1.00 .90 1.00 1.00 1.00 00 140 |- 130
= - : - . - - : o =]
RO (Ca0 + Migo) 2529 | 2528 | 2568 | 2600 | 2580 | 2980 | 3580377

$10/Ga0 256 1 2.56 | 251 250 [ 252 | 266 1 25 e 225‘.3570 2‘25?90
SIOJRO 232 | 232 | 227 | 2% 232 | 235 29 | 201 | 294 1 235
SIOJALO, 454 | 450 | 426 | 440 486 | 484 | 46 403 | 430 | 465
A0,/Ca0 056 | 056 | 059 1 057 052 | 055 | 052 | 054 | 055 | 052
SI0, + ALO; 7168 | 7168 | 7173 | 7205 | 71.27 | 71.57 | 7147 | 6795 | 6865 T 7135
R207RO*B,0 2753 | 2753 | 2756 | 2720 | 2740 | 26.70 | 2780 | 3110 | 2880 | 7550
SieAWIR Z0TROB] | 260 | 250 1260 st oon 266 | 257 238 | 2.43 2.48
Si0;- RO 3346 | 3346 | 3246 | 32.70 | 3361 | 34.51 | 3331 | 2750 | 3025 | 3135
AOJRO 851 1051 053 | 051 | 048 | 049 547 049 | 050 | 047
Logd FT.°C 21| 1218 | 1204 1 1238 | 1295|3209 | 3316 1187 | 1206 | 1208
Liquidus T, °C 1127 ] 9129 | 1115 | 1143 | 1185 | 1148 | 1156 | i3 | Tisa | Ti%
Deta T, °C B4 39 8 1 % 50 81 54 53 54 58
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At the end of Table 18 Continued, add Table 19 .

Table 19— Misc Glasses

Examples

Components {wt%) 268 269 270 271 272
S0~ 57.82 58.70 58.70 57.72 58.61
ALO, 11.80 13.35 13.35 11.80 12:16
Ca0 . . 22.80 23.50 23.50 22.80 231.50
IMgO 243 2.50 2.50 2.52 2.50
TiOa 1.07 0.50 0.50 107 1.10
Na,0 - 0.87 - 090 | D.87 -
L O — - 0.30 0.30 - .30
Fno - - - - 30
MnO 3.00 - - - .30
MnO, . - - 3.00 -
Fe,0; 022 | 0625 025 022 0.23
B,0. - 0.90 - . 1.00
RO 25.23 26.00 26.00 25.32 26.00
Si0-/Ca0 2.54 250 250 2.53 2.49
SiDJ/RO 2.29 2.26 226 2.28 2.25
SiO/ALO, 490 4.40 4.40 “4.89 4.82
’&l;O,ICaO 0.52 0.57 0.57 0.52 0.52
SiD+ALO, 69.62 72.08 72.05 69.52 70.27
RO2+R0O+8.0; | 2610 27.20 26.30 26.19 27.20
(Si+A(R20+R0O+8) 2.67 2.65 2.4 .65 2.59
Si0,-RO 32.59 32.70 32.70 32.40 32.61
ALOVRO M 0.47 0.51 0.51 047 0.47
Log3 FT. C 3‘1_9 1239 1241 1222 1223
Liquidus T, °C 1163 1143 1165 1161 1139
Delta T, *C £2 96 76 61 84
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 19 Continued, add Table 20 .

Table 20— Production Glasses

Examples
Components (wit) 73 214 275 376 377 778 77
{50, ' 57.07 57,21 56.94 680 %.11 % 53 5597
A0, 1269 1277 1272 1268 1265 1284 12.68
a0 24.91 24.15 2400 2411 24.55 2447 -33.00
g0 253 257 FE8 258 3.4 543 3,45
ng_ 169 118 (KF] 1.09 1.07 107 105 ]
a0 083 0.90 087 0.90 0.97 092 .68
K0 0QE0 {  0.090 0030 0.060 9,070 0060 0056
lfg;o, 0,255 9271 0 255 0.263 0.278 D367 3.265
8,0, 137 136 T4p 140 154 170 1.96
S0, 0.029 8,032 0.037 0.031 0028 0.024 0.625
50 0.050 0.040 0.050 0.050 9050 0.050 B.050
Cr, 0002 0.002 0.607 0.002 0008 0008 0.007
RO 26.44 26.72 26.56 26560 2700 25.09 26,45
!SiO;ICaD 2.98 237 2.37 735 Z.3 231 23 .
SiOJRO 2.16 2.1¢ 2148 2.12 2.13 a1 2.42
SiQ A, 450 4.48 348 A7 4.38 440 A 41
A,0,/Ca0 0.53 0.53 053 0.53 0.53 053 0.51
SR+ A0, 69.76 55,98 50.66 53,36 60.66 89.37 8865 .
O2HR0B.0, 28.98 25,95 2841 7675 29,44 36.73 26,58
{(S+AMR20-ROBY 241 738 2.20 2,97 2.34 233 237
50RO 3053 30,49 30398 7858 20,71 2069 20.52
QIR0 .48 048 0.48 (¥] 0,48 .48 048
Logd FT, *C 1214 1217 1203 1212 1212
[quidus T, *¢ 1147 1134 1145 1147 1134
{DesaT.°C 67 a3 58 85 76
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At the end of Table 20 Continued, add Table 20 Continued .

Table 20— Production Glasses (cont’d)

Examples
Companents (wi%) 280 281 282 283 284 285
S10x . 56 70 55.66 5663 56 54 56 43 56 61
A0, 1281 | 12.86 12.85 12.79 12.75 12.83
Ca0 24.61 24 53 24.69 2453 23.43 25.24
MgO 2.54 256 260 254 2.54 2.55
Ti0; 1.10 1.09 084 094 1.08 1.20
Na;0 09t | 080 | 093 0.90 0.90 0.92
K0 0.050 — 0.060 0.070 0070 0.050 0.050
Fe,0, 0.260 0.265 0.267 0.268 0.270 0279
8.0, - 1.32 1.5 1.34 1.27 124 1.29
S0, 0.018 0.020 0018 0016 0.013 0016
) 0.040 0.040 0.040 0.040 0.030 0040
Cri0s 0.004 | 0004 0.003 9002 0008 0.004
RO 2715 27.09 27.25 27.07 26.98 27.79
5104630 2.30 2,31 2.29 2.30 Z 31 2.29
SI0JRO 1 z.09 2.08 208 | 209 709 . 204
SiONA 04 4.39 4.41 441 442 443 441
|A1:0,/Ca0 052 052 052 _ 052 0.52 051
Si0;+Al;01 60.61 60.52 ©9.48 69.33 §9.18 §9.44
RO,+RO+B.0, 29.64 2941 29.83 29.51 29.39 30.28
(S+AIN{R20+RO+B) 2.35 2.36 233 2.35 2.35 2.29
Si0,;-RO 29.55 20.57 29.34 29.47 7945 78.82
A;0,JRO 0.48 047 | 047 - 0.47 0.47 0.46
Log3 FT, °C 1213 1214
Liquidus T, °C 1149 1158
Delta T, *C 64 55
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

At the end of Table 20 Continued, add Table 21 .

Table 21 — Summary Sheet

| Type 1 Glasses Type 2 Glasses Type3Glasses | Typed Glasses Type 5 Glasses Type 6 Glasses
i Low High Low | High Low 1 Whgh Low | Wign | tow High | Tow T Hgh |
{ RO (Ca0 + MgO) 2630 | 2705 | 2480 | 2756 | 2401 | 26.70 | 2540 | 2660 | 2580 | 2550 1 2525 ] 26860
$10,iCa0 2.35 247 220 2.55 39 2.7 24 54 262 .62 222 66
Q4RO 2.13 223 .86 2.2 2.8 2.52 218 .29 228 .28 2.01% .39
V081,07 4.35 483 .79 3.76 230 4.89 a26 90 492 .93 4.09 340 |
AL,OJCa0 @51 058 | 0.51 0.59 0.50 0.59 050 59 | 053 0.53_ 0.51 0.58
Si0; + ALO, 70.85 7186 [ 6610 70.95 71.05 7367 71.03 7173 70.60 71.00 57 95 72.05
| R20+RO+B,0, 27.20 2795 | 28.15 32.79 25.15 2760 | 2630-] 2750 | 2670 26 80 26.70 | 31.10
{ (SHAN(RIO+RO+B) 2.55 264 2.02 2,67 2.30 - 295 260 2.71 2.64 2.65 2.18 268
Si0;- RO 30.55 3255 | 2650 3255 30.95 36.56__ | “31.15 3351 329 33.10 27.50 3391
| ALOYRO 038 0.52 0.46 056 0.47 0.53- 047 053 046 0.46 0.46 0.53
At the end of Table 21 Continued, add Table 22 .
Table 22 — Summary Sheet
t Types 1 &2 Glasses | Types 3.6 Glasses [Types13.3-5,Glasses | Types 2 & 6 Glasses | Production Glasses
(boron-free) conlaini_bgon) {contains boron)
Low High Low Hgh Low High Low High Low Highi
RO (Ca0 + MqD) 24.80 27.56 24.01 26.70 24.01 26.90 2480 2756 | 26.44 :21.79
Si0,ICa0 2.20 2.55 239 2.7% 238 273 2.20 266 224 2.37
Si0./RO 1.96 2.29 .16 2.52 2.14 2.57 .86 239 2.08 2.16
SiD,/ALO, 3.79 - 4.84 4.26 4.99 4.26 499 379 490 -- 438 4.50
ALO;ICa0 0.51 0.59 Q.50 0.59- 0.50 0.59 0.51 0.59 0.51 0.53
Si0; r ALOy 66.10 7145 70.60 7367 70.85 73.67 66 10 72.05 68.65 69.98
| R20+R0+8B,0, 27.20 32.79 25.15 28.64 25.15 27.80 { 26.90 32.79 28.96 30.28 |
{Si+Al}{R20+RO+B) 2.02 2.67 2.30 296 2.30 2.96 202 | 268 2.29 241
Sio, - RO 26.50 32.55 30.95 36.56 30.55 36.56 26.50 33.91 28.82 30.63
ALOYRO 0.46 0.56 0.46 0.53 0.46 0.53 045 0.56 046 0.48
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